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Becheti Rhoda MeShane, THE EFFECTS OF PERCEPTUAL TRANSFORMATION 
KXPERIENCES AND mJ^RICAL OPERATIOMAL ESCPERIENCES ON NWffiEICAl 
CORRESPONDENCE AND SQUIVALENCE, Joyrn al for Research In Matheinaticg 
Education 9i 69- 74 | January 1978, 



Abstract and coMenta prepared for l.MiE, by JERRY P. BECKERs 
DeKalb, Illinois. 

1, Purpose 

The purpose of this study wag to determine if there would be a 
slgrilflcant difference (a i *0S) In the acquisition of conservation 
of nuiaber or basic fflathimatlcal and cDnservatlon^related skllla by 
4*- and 5-year--old children of lower aocioeconomlc status, as ahQvm 
by their perforaance scores on an Intermidlate test or a post teat 
as a result of (a) treatment conditions^ (b) interaction of their 
level of development and treatoient conditions, (c) interaction of 
the leK of the aubjecta and treatment cpndltlons, and (d) Interaction 
of level of deveioptnent and sex and treataent conditions, 

2* Rationale 

With rejpect to young children's development of an understanding 
of nuroarlcal correapDndence and equivalence, a critical eKamlnation 
of a wide variety of training reports Itidlcates that in a majority 
of successful Investigations p subjects have possessed some aspects 
of the conservation response (1--1 correspondence or ability to 
conserve on one but not two items) prior to Inclusion in the study. 
In unsucceasful studies, subjects h^ve been generally classified as 
"noneonservers'- without apeclf icatlon of developmental status. Such 
non-epeclfic classification suggestg to the researcher, firstly^ 
that children at lower stages of development (cannot establish 1-^1 
correspondence) were included in the samples* Secondly, although 
training sessions provided for learning to (a) establish 1*1 corres- 
pondence, (b) recognise equivalence of iflatched sets, and (c) laalntaln 
equivalence during perceptual tranaforniatlons, assessment of effec'- 
tlveness of training has occurred only in terms of maintenance of 
aqulvalence during parceptual transformatloni* Since no exanilnation 
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has been made of ef fefitlvaneis of trfllnlng apprQaehta In facilitating 
learning of the other two aspeets (which are conaetvation subakllla) 
and since no previous studieg have dealt with aaseasnient of differ- 
ential effectiveness o£ training for preconservatlon children at 
various stages of developments the researcher sought to look at 
these aspects in the present study * 

Further J the researcher observes that most Introductory or readi- 
ness programs in mathematics erophaalge noting variance In number 
brought about by operations (addition and subtractlori) on sets, and 
they do not provide eKperiencea emphasising Invarlance in niOTber of 
perceptually transformed equivalent sets. Since It has not been 
empirically established whether eKperlencing a change In quantity 
through a numerical operation on a set Is sufficient to Induce the 
related conclusion that a nonnumerlcal operation (spatial transfor-^ 
matlon) means no change In quancityj the need for auch an assessment 
appears crltical-*for the reason that the most widely used instruc'^ 
tional approach for development of numerical undarstanding Is through 
standard introductory ox readineis programs, 

3. Research Design and P rocedures 
Subjects 

Subjects were 144 nonconservlng 4-- and 5-»year^old participants 
of lower socioeconomic status (70 males » 74 fetnales) In Head Start 
programs I Title 1 preklndergarten classes * and social welfare^ 
supported preschools and day^cate centers in Franklin County, Ohio, 

Design-Procedures 

Using pretest performance , the researcher claisifled nonconaerv- 
Ing subjects into three levels of development with respect to conser^ 
vat ion of number and> within these levels, according to seK, An equal 
nutter of subjects were than randomly assigned w^lthln blocks to three 
treatment conditioner each using a pretest/lnterinedlate tsst/posttest 
model I EKperlmental group I (El): Perceptual trans fonsat Ion ipproachj 
EKperlmental group 11 (EH): Mutterical operational approachi Expert- 
nental group III (EIll)i Control, Due to skewness of pretest data, 
33 subjects were assigned to Level I, 10 to Level 11, and 5 to Level 
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Ill of each treatment. So, there tesultad a total of 48 iubjecta per 
trestttent, with marly equal nuobers of males and females placed at 
each level, and a total af 144 subjects. 

Treatment Conditions 

EI EII EIII 

Levsla of ^ 
Development with 
Respaet to Non- 
eonaervatlgn II 
of Nuinber 

III 

Tgjtlng 

A four^-item fflodlfled version of the standard Plagitlan conserva^ 
tlon^of--number teat was Individually admlnls teredo in a fixed order^ 
to each subject. Items 1 (six objeets) and 2 (eight objects) were 
presented to assess each aubjecc'a ability to eitabllsh sets equiva- 
lent to those modeled by the testar* Items 3 and 4 (eight objects 
each) ware used to evaluate the extent to which the subject was able 
to maintain equivalence followlrig perceptual transfcmation (expan'- 
sion and eontraetlon, respectively)* Rothenberg's (19.69) two-^questlon 
agreement/diiagriemint-response format was used on each Itein, An 
ordinal scoring system for perfoMance scores CO-'?) was uaed, rather 
th^n claBSlfying subjects as "conservers-' or "non^conservers" in order 
to represent more specifically the status of, all eubjecti with respect 
to their ability to (a) set up 1-1 correspondence (0-3)^ (b) establish 
equivalence of matched sets (4-5)^ and (c) maintain equivalence during 
perceptual transfoMatlons (6^7) * 

Iiigg true t ion 

Each subject In EI and III participated In 12 group (n^4) 
aesslona 10*15 minutes long* Only one lesson was taught par session, 
and there were three sessions per week- Lessons and instruetlonal 
procedures were standardized within each experimental treatment. 
Both treatraents used an interactive instructional strategy (Hough and 
Duncan, 1970), and both involved subjects as active participants and 



M 16 15 16 
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manipulaCars of objects • A variety of edncrete naterials was uaed 
in each sctl^ityp and eaeh lesson was presented as a new type of 
■*game*'* Eight tralnad Instructors, blind to the eKperlmental hypo^ 
thesis and randomly assigned to treatTOentp administered Identical 
treatmants to each of their groups of subjects. 

4, Findings 

Due to attrltlonp complete data were collected and analyEed for 
109 subjects, with approKlmately equal numbers at each level and in 
each treatment (EI, 35 | EII, 37 | EIII, 37). 

• VJith respect to acqulgitlon of number, six subjects (three 
in EI and three In EIII) eKhlbited conservatloni neither the 
peteeptual transforaatlon treatment nor the numerical opera-* 
tion treatment was effective In facilitating conservation 
after 12 Instructional sessions. 

• rhare was no significant differential effectiveness eKhlbited 
with subjects at different stagea of development, nor with 
each se3Ci Of sIk subjects achieving conservatloni five were 
boys and, as mentioned earlier , three were In EIII, 

• rheye were significant differences (F^A.lOs 2/91 df, p^ ,02) 
ill acquisition of subsklllSp but no interaction effects with 
level of development or seK, 

• Dunn's multiple compariaon procedure was applied to six a 
priori astabllshed comparisons at the collective *05 levels 

• Subjects In the perceptual transformatton treatment 
eKhlbited significantly higher Cp<,05| 91 df) mean scores 
(4,01) than sub J act g In the control group (2. 78) on the 
poattest* 

• Subjects in the perceptual transformation treatment 
eKhlbited significantly higher Cp<*OS| 91 df) mean scores 
than subjects In the numerical oparatlotis treatment (3,34) 
on the post tea tt 

« There were no significant differences between the numeri- 
cal operation and control treatments , 
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• Th&tm were no significant dlfferenaee on the InCetmedlate 
test anong the treatments, 

5* Int e x ptm ta t lo ns 

The reaearcher states that aftfeT 12 instructional seaalDna, 
tha pefctptiial transformation treatment was shown to be moic effect 
tlv^ in facilitating acquislttoti of coniervation subskllle. With 
raapect to fadtlitating acquisition of conservation of nOTber, the 
rasaarcher appeals to piagetlan theory to eKplain the failures men*- 
tloning that subjects may not hmve been at a level of maturity to 
parole Intellectual shifts prerequisite for conservation | or that 
experieiices may not have been o£ the type necessary for learning to 
occur i or both* The rasearcher also observei that, moreover , the 
lack of effectiveness of the treatmetits niay be due more to time and 
nunier of sessions than a result of activities employed or subject's 
level of ffiaturityi 

In the perceptual treatmenti activities placed primary efliphasli 
on development of the concept o£ '-8310©'' with respect to 1*1 corres- 
pondenic%$ whereas In the numerletl treatment, activities placed equal 
emphasis on the concepts of ■■same," "morep^* and "leas," Thuip a 
unified single-^concept eaphasla appears to be more effective In the 
Initial establishment of basic mathematical skills and concepts with 

and 5^year--old subjecta of lower socioeconomic status, "^ia may 
explain the une^cpected failure of the numerical treatment to faclll-^ 
tate acqtitsltloii of the fflitthematical and conservation-^relattd skills, 
rha researcher further dlgcusses an explanation for the greater 
suecesa of the unified slngle^concept emphasis of the perceptual 
transforation treatment by drawing on and Integrating the research 
regarding children's understanding of the relational terai used in 
queatlening procidures with either Plaget'a equilibration theory or 
a liarnlng theory description of the formation of response setSf 
Results of previous investigations (Bellln, 1965; PratoomraJ and 
Jahnsotii 1966^ Slegel and Goldstein, 1969) of young children's Cages 
4 to 7) understanding of relational terminology indicate that although 
these children seem to understand the relational terms "more-' and 
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"lessp" the majerlty do not understand the meaning of "same," Within 
Plagetlan theory, this suggests that In a situation where all three 
tmtm receive approximately equal emphasis, the children may tend to 
focus on the familiar aspects of the situation (I.e., their under-^ 
standing of "more" and "less" meaning "different"). They assimilate 
(rather than aceottmodate) the unfamiliar terra "same" (especially 
when it la uied In relation to perceptual trans format ions) Into their 
existing schemata of "different" without recognition of how the mo 
"differences*- were brought abouc (l,e.j operation or transfoTOatlDn) . 
In the perceptual transformation treatment, however^ the consistency 
of emphasis on the unfamiliar concept and terminology ("iame") may 
have prevented assimilation, thus resulting In dlaequllibrlum. In 
order to resolve this disequilibrium^ subjects were forced to accoiMo-* 
date their thinking and thus "learn" the meaning of "same*" Similarly, 
from a learning theory basis. It might be suggested that in the nuffler-' 
leal operational treatment there was a greater opportunity to respond 
to changes, and therefore differences, that can be described by 
familiar terminology ("more" ar "less"). This eatabllahed a response 
set that was then generalised to unfamiliar "changes" (transfooia^ 
tlons) and corresponding terminology ("same"). Again, in the percep-- 
tual transformation treatment, the consistent attention to, and 
emphasis on, the unfamiliar concept of "same," without the inter*^ 
faring familiarity of responses to "more" and "less," may have pro?- 
vlded the necessary practice In making the correct responses required 
for the establishment of an appropriate response set to "same." 

Finally, the researcher conments that although It Is not possible 
to explain completely the differences between the numerical and per-- 
ceptual treatments, the specific findings with respect to lack of 
effectiveness of the numerical treatment have educational Importance. 
It is concluded that. In view of no success in establishing an under- 
standing of n^erlcal constancy nor In facilitating development of the 
basic mathematical and conservation subskllls of 1*^1 cofrespondence 
and the concepts of "same" and "more" in relation to number, that a 
change In the type of basic mathematical readiness eKperlences provided 
for 4* and S-^year^old children of lower socioeconomic status appears needed, 
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Abstractor *i Cotanents 
The first reaction I had to the study Is that It is tedious and 
compleKt However, after some study md thought, 1 came to view the 
study as one which looks at an important aspect of mathematlca learn^ 
liig (children's development of understanding of numerical correspon** 
dence and equivalenci) , was well" formula ted, and was carried out quite 
ttlaely. The rationale seems plausible and seems to provide a sound 
basis on which the study was conducted, and the design and procedurei 
were clear and atralghtforward, Ai muah^ the research has all the 
aliments of an excellent Investlgaticin. 

But there are several observations and reactions that seem in 
order* Not much is reported regarding the actual Interaction between 
Instructor and sub J tec * In studies such as this, I want to know more 
about what is actually said to the aubject and how the subject responds. 
For example, does language Ccommunlcatlon). get In the way and provide 
difficulties for the subject? And how la the response or reaction of 
the subject to the Instructor to be interpreted? 1 would find more 
InforsDatlon along these lines helpful and, perhaps, useful In eKplaln- 
Ing the results. Also, a session laating Just 15 minutes strikes me 
as a rather short period of time, taking Into consideration that a 
very young subject has to receive a communication , process It, and 
prepare a response for Interpretation by the Instructor, 

The researcher observed that the lack of effectiveness of the 
two treatments may be due to time and number of Instructional sessions , 
more so than to the activities employed or the children's level of 
aiaturity* I tend to agree and m tefflpted by the notion that more 
sessions would yield the results eKpected In the beginning, This 
provides the basis for a follow-iup study. But related to this, I 
would also like to know more about chft activities themselves^a more 
thorough description would have been useful* 

I, with the researcher, am also tempted by the notion that the 
nimerlcal treatment la indeed a more complicated treatment from the 
subject's point of view, since It Involved equal emphasis on the 
concepts of "same»" "more," and "less*** There Is more chance of 
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confusion and nore underitandlng required of numerical treatment 
subjects than perceptual creatment aubjects* This difficulty could 
be remedied, perhaps easily, In a follow-up study, 

1 am not sure I'm ready to accept the resiarcher'a last conclu- 
sion that a change In the type of basic Mtheaatical readiness 
experiences provided for and 5*^year-'old chtldrea of lower soclo*^ 
econoffllc status appears warranted. To begin vrlthp is nuch known 
alout what the basic mathematical readlne#a escperlencea of such 
children are? And If so, how are these eicpertences to be modified? 
It would have been Intereatlng to read the Investigator ' i thoughts 
on these questions. 
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Csaipbill, Tatricia 'TE^BO^tC PICTURES AND F1R8T--GRADE CHILDMN'S 
mtmnxm or mTmmnCPL, RraA^IONSHIPS, Joumal for Regearch In 
to Jhffla cl& g^Sducafc joff 9j 36 8-j74| November L978, 

Abatr«cc a*id mtmmtitm pT^p^t^4 for l.M*E, by Hi LAVEM^E THOMAS * 
Btmt^ tJiaivarplty oi Y&tte College ac Oneoriti, 

ThCs rf^nv^^gclg^tton st^dl^d the effect of pictures and illustrative 
mode «n th^ p«cepCiM Pf ^atlinatlcs textboolc pictures by f li'st--grade 
ehdldtami Th^ ^ilati^on^ht^ b«twen the ability to tell a story about 
a jlctuiTi cjf m ^aqastice of th^ee plctiires and their ability to deserihe 
th^ pdcCur^CsD by usliig i ^umter sentence was also studied, 

2. ga^logaala 

"Jh^ pic'is^nci in «iaiiy tfuriciot prinary matheMtlci texts of pletures 
InCeaijid c^n^^iy nathpina*lcal eoncepta to Bttid€nts in a dynamic 
faehi^n "Va# taken a siotivation for this study , Reference is made 
to prior iCudAe^ r^ga:cding featurei within pictures Influencing 
chj>ld*ttt ^8 Infearpr^tatlMe and Corms of pictorlil repreientatlon thac 
are o^tljaial itx conveying eoncepcs* Other resiarch quoted suggests 

gra^ua^l de^rel^pnlenc asadong ^oung ehlldren of the ability to per^ 
mSkV% Ifttjlted m^tli^n in static pictures , klmo^ ability to Infer 
talitAon^htpi aDaong Hluat!^ited characters is sls^ to devalop* These 
ch^ra^te^i^ tlci ar^ assetted Co be necessary to the perception of 
ttachaiflatieal c^aLationshija fr©i dynamic illustrations, 

the lLiu#tratli?i mode^ studied were (a) atyllatlc (peraenif led 
Antftats in^nl^t* objects) an-d (b) realistic Crepresetitations of 
^ir'SOEii) * Wu^bi* scnCinCi^ w^re repreiented in these fflodes by both 
A MqtfinCi of th^ie lHuStE^atLorts repreaentlng a dynamic situation 
<J^4n£n|^ sfip* rating) and ^ sLugle illustratloti In the sequencee 
^ftiti tinned, Pa^rtilel iUiasttatlbiis for flva addlltlon and live sub- 
firactton n^be^r ^iiitiimcea w^te^ ccnstructed In each mode, A set of 
0iY^ r'ispon^i ca*ds accoflnpaiile^ ^ach illustrative sequence or single 
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plcturei the sat concalnlng one card with a correct nuaber lentenca 
and aiie card for aach of four dlitrdQtors, These cards ^ere used 
for subjects in a forced-choice response ttode* The eecond response 
Aede required subjeati to generate a nt^ber sentence to fit the 
iltvatlon llluatratid. Each subject responded to ten sttuatlons, 

A faatorlal design was employed with nimher of pictures i 
llltistrative mode, and response type as factors * However, the ntmber-' 
Df'-pleturis factor was further divided by adding two additional treats 
ments ; five single Illustrations followed by five sequences * and vice 
v^rsa . Thus 4x2^2^16 treatQant groups result as illuatrated 
beloir I 

Praaantation Illustration Reiponse 

10 single 

10 sequence Stylietic Forced choice 

X X 
J singlets iequence Realistic Generated 

5 sequenci-*5 single 

Irom a randosi sample of 9.6 ftrst'^grade students frosi wo elemen- 
tary schoGlSy a randon assignment was made of sIk atudents to each 
ttaatment group. Each subject was given the treatment with Ismedlate 
tasting on each Item as to two outcome variatleai score on a story 
dascrlblng the situation depicted and a nmber sentence score* 
Completion of ths interview usually occurred In 15 otnutes or less. 

Data were analysed by non-^parametrlc methods because of concern 
for nonBallty, The Kruakal-*Wallis Ctwo-sldedl and Mann'-Whitney U 
(one-aided) testa of significance were employed* Total aeores (story 
scores I nui^er sentence scores) for each student were employed. 

4, Fittdings 

Bio significant effects were found for llluatrative mode or nimber 
of pietures fslngli, aequence, or mliced) on either story response 
scores ar number sentence response scores (a ^ •05) # A algnlficant 
effect on number sentence response scores favoTlng the forced^cholce 
respOEiie niode was observed (p < .001) , 

. Post hoc analysis Indicated the following i 
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(a) Sttbjeeta respandlng consistently to at least 7 of the 10 
slallar Items iho^^d a signlfiGant asaociacion CChl-squarep 
P ^ #025) between scory reaponsa scores and munber of 
pictuiris C^equenee or alngl©) • 

(b) On the last five responses, subjtcts who had vmc&iVBd five 
atqueacss scored ilgnlf icantly better on story responses than 
those %*hose entire presentation consisted of single pictures 
CMann-mitney U teat, a ^ .025, p ^ ,0103), 

(c) Correlations (KendiiH) of number sentence scores ^ith Key 
Math test scores (given upon encerlng first grade) and with 
story TSiponss scores revealed eo^rrelatlons of ,28 and ,21 
reapeetlvely. 

5i Intarprat mtlDns 

(a) Thm conpleKlty of "stylistie" pictures does not hinder 
atatiractlDn of Biathefflatical relatlottshlpit Thus '^stylistic" 
as y^ll as ^^reallitlc" pictures should be eciployed in primary 
mathematics textbooks g 

(b) The Influence that viewing sequenced pictures has on the 
utoty response scores on subsequertt sliigle picture lllus'^ 
triBttons tfflplies that the use of sequenced illustrations 
should pTecede single pictures In primary teKtbeoks* 

(c) Fwthir research rsgardlng the effect of number of plcturgs 
Caaquintialp dynamics to portray a particular mathematical 
r^latlonahlp) is netdedi 

Cdl Iweatlgatlon of the relationship of the Plagetian conserva- 
tid^l tests of cognitive development to picture Inttrpretatlon 
skills was suggested since the Inveitigation of relationihlpi 
irlth Key M€th Spores was non-productive ^ And, alsop the 
amlyils of the mathematical content of the pictures eraployad 
flc^TO to rest on somm understanding of part--whole*-ralation- 
0lilpa« 
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Aba trac tor - m CoTO ent s 
th^ t^aear^h ariportedl ta of fluch a nature as to have iMedlace 
riiiy^^n^e "to thm G©netrucclQn of primary ffiathematdca teKtbooks and 
otbir p^ln^iJ l^iticuetlonal materials. Although mt specifically 
Mftct^n^di th^ questions citsed aj© generally aigtitflcstlt to the 
iQuJlct tu^in^pup "^orfcshiet" or "acti^rlty" sheets employed by primary 
tiaicMr^ 0^ tt^tftiimaticst Generally j this study provides some useful 
Inffoi^iacilo^ che^i dlractlons* 

JJo^rev^rj i nifflber of qaestiom need to be raised regarding tht 
ti^sa^ci*. tmv^^tmi^ Some o^^^f these are probably cteatad by the brevity 
<^f tK^ r^ep^rt ai^d tha abstmctor acknowledges that the researoher wa^ 
cp^rfttim^ Ejnd^r eonsldemble restraint In this regard, 

3t %a0 n^t clear front the teport how the iequencing of addition 
anS a*jbt^a^ttQn In^tattces ^ag handled* Were there five addltloni 
iotlQi^ei by^ fives sabtraeticii tiistances? In particular , how was this 
ftai^dl^d ^oi? ttia "^xad" presentations of five single and five 
Mji^wo^^ th^ii pictures? With respect to the preaentatlon of 
t\im f^v% c^otQa^ Iti tli forced eholee response taade* what is me^nt 
ty "baia^clt*! th^ or^dei of jreseatation #t choices across the 10 
^i^naiacta? ^mrm they balaiiaad ratidpmly or syatefnatlcally? Is ''•10 
^ejiiai^ci^^^ the ^ toper refe«siiti la not "10 Items'* the proper 
S-$t^t0nt^ Almo^ w^i the scoring procedure for number sentence 
^i^o^si^ tiglxt/w^oiii proeess Ctt appears that It was) in h^th 
pioimBf Whs^t the scoriini pTDcedare for tha story responses? 

pitftapFS TOre s Igtilf tcantlyi tlia study auffars from the lack of 
^8^r^n| r^tionali or theorfstlcal base. In this contextp the 
^bstr#eti3r susgt^sta that a mtionale based upon meaning eould pr©^ 
^Hm support mni add power itx analysing the results of the itudy, 
^ot i3«ftplfe | thfe« seemed Co be an underlying assunptlon that 
^^itjrltitic^- iLliLSfcratlora would he less ffleaningful and hence would 
l?i %aili r^ep^rt^d In t^mi of both story and number sentence 

]fesje»sep, TJ^li wss not ttai case. In the abstractor's view this 
f^B mn ^xpette4 result since hath lllustrativa TOdes appear stylistic 
ja^?go*is ^o^trayed ha\rlng little if any more '^personality" than 
phi p^Ta^nl Jle^d ^niOiXi or objects i What la "real'' to a child? 
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Also, from the llluetfmtlotis the Gospl^xlty of the "stylistic" 

lllustMClona la no greateif thmtL Chat of the "realistic^' ofles# 

On the other hand, the imprc^sd story reaponies on slngla pie-- 
turas following vtewitig aaqutnc&i would seem to Indicate a hlghtr 
level of meaning for sueh §squences ^hich ^si cransferred to or 
projected ypon the fojlowiiig sla|te picture lllustrittiosi* That 
this effsct did not carry w%t tc number sentence tesponie scorts 
Is a little aurprlalng* However i racent wtk by Greenop Mayer, 
and others would BUggest that If cha task were dtf£erenC| the effect 
of a different level or type of npatilng iti the sttuatlon wuld la 
refleoted in differential petfora^nce* For e^aTOle, gentr^tlug a 
n^ler sentence to fit an lHuatMtlon is a higher otdmv activity 
than selecting a reipotise t© fit tt. Was there auoh a differential 
efftct in evidence when conttMtimg sequential illaitratlona with 
sltigle plcturea? 

Another level where meaTiing vrottld seem to Be invplv^d is the 
atory reaponas requested for ^mth llluatrattori, A high ^tory 
response score should tndlQate a Itlgh level of meaning i?hich would 
be reflected In higher numbM atntince scoria. That this did not 
acoiir may Indicate no effect of n&ttilngi an affect that ^ms "^jaah^d 
out" In the deaign since evt^yone gaye a story raaponae^*ithia b^tng 
the critical factor rather th^n ch*t particular tmBp^mm^ or an 
effect not tested by the number semtetiee task* 

It would be In teres ting to ae€ s follo^up study which addressed 
these iaaues directly in the dealgaip for eKample, effect of atory 
response requit^ed or no story tespctise required on n«fflbet sentence 
scores I as wall as an interactive ^Cfeet of sequential va, single 
pletures vls^a^via forced choice vm» jeneratlve response nxmhmt 
sentence tasks. 

Rafetences 

Greerio, !• 0» The strueturi of sBiiiiory and the process of solving 
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Michlgani Human Performance C^nterj 1972» 

Mayer p Richard E, Different rule ays terns for counting behavior mcqulred 
In mMnlngful and rote QontmKtB of learning, Jq ur ii^ 1 of ^duj^a;' 
tional Psychology I 19?^ §9^ 337-546. 
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Cswsrdp P* H* ELECrRONtC CALCULATORS IN FURTHER EDUC4TlOMt Majliapattca 
Teaehlgg 82s 26*28; March 1978* 

Abatratft and conmeTits prepared for I,M*E. by ZAt^K USlSKlNp 
UnlvaMlty of Chicago. 

It Pgrpose 

s The study ttt^ptgd to gather "quantltfltlve t^ldeiace of ^cudeata^ 
perfortfiance %?ith caL calm tore," Because attitudes and atfittagtlc dchlavi^ 
ment were felt to affect each other, the study Itiv^lved both of t^^se 
variables . 

2* Ratlanale 

Tfte ppcfcet ciltiilstor is perhaps the M>st algftif leant chmngi Ln 
the lamming ariviroiiraeTit In the raathe^mtics classroom In recent yeara. 
It affects both the engineer and the aonaumer, Ytt the extent to 
which dmlculatot use enabLts a studettt to puriue hl^ [or h^r] atudiea 
with greater effleaay Is not knoTO* 

3, R#eearch Daaipa a nd Pro eadurta 

T^o dlffartnt saaplip wers uaed» For the aehl#vTOent attidyj tha 
sample conaiated of 414 atudttiCs at$sftding BDncaster Coilega of ^edh^ 
nolo^f Includliig sahool children and part**ttme students* Zt wsi 
ssaumed that ,i:h€se itudenti are gea(irally typleal e£ the student 
population of the eotiutr^ (England) as a wholt. Jotf the attitude 
atudyi the sample co^aisted of twenty staff membeM and t^irty^tw 
studencs • 

Jot the dchiivesnent study, a tfiat of forty arlthmati^ items 
taken frosa engliieirliigi businepSji iSnd other sources tras prepared* 
"Wiere was a general treM of eompleidcy froio simple addltlDn thM*gh 
percencagas, povera and Fythagora.^ to the ablution of a quadratic 
aquation i It la gaphaslEed hoover that no Item raqulxed anything ^ 
of the student other than arithmetic ttanlpulstion* ■ ■ ^is taat wa^ 
given twice to each atudent with a one-*week Ititeri^al Ibatweea admlti'* 
Iscratlonat On the first adonis tratlon, no calctildtoM vere allwtd* 
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Before the sacond admltiistratlonf each ttu^deat was allowed up to one 
hour'i praetlae ^Ith mn SR-10 calculator* Twenty-four atatemftncs were 
offered on the attitude qusstionnalta, vlth subjects responding by 
expraislng agreefflent or dlsagreemetit on m flve'^polnt gcale. Written 
con®ents could be appended to the queptiotiiialra. 

Neither sample was randoffl* Studente in the achievament study 
saffiple were given the tasts In their alaasss and the reeearDh^r "sought 
to Mke it as representative mm possible by Including studsnti In a 
wide range of courses afld dlaclplineap of l©th seices and of all appro* 
priate ages.*' The students In the attitude study were not volunteers 
but were selected in twos or threes '^fros various classes »" 

In achievement^ th^ percentage ef Ifflprovement for each student 
and mean scores for the pre-test and poat^test groups were calculated. 
These scores were analysed also for cotttton course subgroups of the 
original sample. Analysis showed weafc internal consistency of the 
Items on the questioanalre^ so reporting of attitudes was limited to 
the written coTOentSp 

4, Findings 

The pretest achleir^tacnt scores SiM b ^isan of 16.28 and a standard 
deviation of 8,03* For the posttestp the Man was 27,19 and the atan-- 
dard deviation was 6*23. Subgroup Man sccres improved from 16*5 
percent to 128*6 percent, with many groups ah owing over 99 percent 
improvement. 

It was noted that siany could not complete half of the pretest 
within the allotted hour, while that tlfte wb sufficient for all on 
the posttest^ 

Written coments on the questionnaire Included (among others) 
that use of calculatora allowed more time to be apent upon principles^ 
gave students mora confidence^ increased ititerestp lessened fatigues 
forced greater underatandlng of accuwcy, and leasened the use ot 
mental arithmetic # 
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5. 



Interpretations 



The main eonelusl^ns i^ere (1) "the use of a calculator does Improve 
atudents- arlthmetlG perforaance. Further » the laprov^ent is subitan-' 
tlal and the statletlcal aignifiesnee It very high; (2) the less able 
studetits show proportionately about twice the Improvemetit of the more 
able*'* The Investigator felt that the iecond concluiion was particu- 
larly significant. In that this bettfirment of performance would help 
the student psychologically In terma of his [or her] further education. 

The increase of Intereit referred to by many on the quest lontialre 
could be attributed to interest In the calculator itself or to the 
aubject Blatter* Interest in the calculator Itself may sittply be due 
CO the powerful visual stimulation caused by the lUMlnated and 
changing display* 

Whether less use of nental arithmetic was good or bad was felt 
to be related to fundamental philosophical questions regarding the 
alms of education. 



The report of this study is sketchy and brief* it could fit on 
five pages of ItM.E* Missing are many aspects crucial to an intelli^ 
gent consideration of the results * For examples what were the it erne 
on the test? It Is difficult to imglne a problem invDlvlng the 
Pythagorean theorem which fequiras nothing of the student other than 
arithmetic manipulation. How many students were In each o£ the sub* 
groups of the sample? Who were the faculty meti^ers used for the 
qtiestionnaire? Was it faculty or student coBments which the Inveatl^ 
gator chose to relate In his report? What were the itenis on the 
questionnaire? tiTho prepared the tten^ on either inatriOTent and why 
wasn't a standardijad InstruEaent used? 

Even a more complete report would not have corrected the major 
shortcomings in the study itself. The first concerns the rtsearch 
desl^. The investigator noted that a student could not have "memor'- 
l2ed forty eKamples for a week, having i^orked them once under test 
eonditions^ Yet a student could easily have rementoered general 

principles concerning the methods of attack on the problems p thus 



Abstractor' s Comments 
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shortenitis thm amount of timB naaded for IteBas on the poiCteat, Thla 
eould havft bean qorreeted by randomly dividing tha sample into four 
groups which took taste under tha condittona W*WO (with calculators 
tha first tltta, without the iecond) ^ W-W^ WO-WO^ and WO-W^ or by 
alBBply changing the test, 

A sti^ond ahortco^ng concftrns the length of time gtvan to do the 
problaiBa* Oittnslbly the study was one of efficacy i to what 

extent doas the ealeulator help a atudent with arithmetic calcula* 
tlons? Yat It Is reported that '-many * * * scarcely cottpleted one^ 
half of It [the pretest]/' Thua, although the overall mean score 
tmprovad froui 16,28 to 27.19, It Is not clear what Ifflprovament (If 
any) thera was In the percentage of correct answeri among all those 
that were attampted. So it Is posaible that spaed of calculations 
and not the eKtent to which the calculater allowed the studeint to 
eoncantrate on strategy i was being meaaured* 

Finally J It la not clear that chere was suitable rationale for 
undertaking this study. The year In which this study was undertaken 
la not glvetis but wa may guess that it was a recent study ^ done after 
many comparison studies of perforaarice with and without calculators* 
The inveatlgator makes no reference to related studies s yet there 
are presently mny such studies ^ soiae of which are more carafully 
done and aould have shed light on the general questlona about which 
the inveatlgator was curloui. 
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Doblin, StephiQ A. MAPPi A M4TI^mTICS PLACEiffiNT PROGRAM, Educational 
and Fsyehologlcal Measurenant 3Ss 831-833} Fall 1978, 



Abstraet and comants prepared for I.M.E, by JOIK R, KOLB, 
North Cmrcliiia Stata Unlvarsityi 

The Inveitlgator developed a cowputarigad systett that utllizaa ten 
weigh tad aaores ©r charaeteristles of each entering college fraihman at 
tht Unlvaifslty of Southern Mississippi (USM) and raconmenda thalr place-"' 
flasnt in a oathenatlca course . 

2. Ratloriale 

Placement of an entering student In a mathemattce course at USM 
had previously bean based solely upon the etudent'i ^eriamn Collage 
Testing PrDgrain (ACT) eKamlnatlon eeore and an Intervlsw with a faculty 
advisor. Non-mathematics majors ware advised by faetilty from the 
departmancs in which they were majoring or by admissions counselors. 
As a result , many students were advised by individuals who had little 
knawledge at the content of the mtheMtics courses or the preparation 
they requlrei Students were frequently placed in courses for which 
they were underprepared or in courses that seriously duplicated their 
existing knowledge* Thusp an effort was mde to develop a placement 
proeedure that would correct some of these defleiencles* 

3, Resamrch PeslOT and Procedures 

The criteria established for a new placement program werei (a) 
to consldar factors other than the ACT score that may In fact be 
better predictors of success in mathematics | (b) to include a 
locally'-developed algebra/ trigonometry placement testi (e) to con^ 
centrate solely upon placement in calculus I and lowers-level courses | 
(d) to recomfflend only one specific course | (e) to invite dialog 
between the student and a faculty advisor | and (f) to place consis*- 
tently a student in a mthematlcs course in which ha or she has a 
reasonable chance of success. 
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thm ptoduct that was consttueted to meet the critefla abova Is 
called the Mathematics Pla^araant Program (M4PP) . It consists of two 
COBOL pregMMi one that dascrattblas Information iTom an optical 
aeannar taps and tha lacond that uaea biographical data and ttst 
BcotmB to cecomtnd a mathenatlQa course* Raeomendatlon of tha 
toathasatlcs course is based upon the following weighted factors s 

1« Soora on algebra placemant test 

2* Score on trigonometry placement test 

3. Mathematics ACT Seore 

4* Conposlte ACT Score 

5* Ku^er of years of high school algebra taken 

6, NtuDier of years since high school graduation 

7* Mathematics grade^polnt average in high school 

8. Registration or lack of registration in a mathematioi 

course during the previous term 
9m Idantifieation of high sehool attended 
10, College at USM in which enrollad* 
HAPP lias been used since the sunmer of 1975* All freshmtfi enter- 
ing USM take the placement test and provide all the required informa* 
tion on a staitdard optical scanner form* Thm 'MhSf computer program 
gradai the placafiient test and, using the information provided * prints 
Out a recossaentded mathematics course whleh is given to the student. 

4, gtndinf^a 

Data Btm reported only for thoaa students who registered for a 
Mathematics course In the Fall Quarter following the suBmaer in which 
they participated in MAPP. Succesaful placement was defined as earn- 
ing a grade o£ A, B, or C in the course in which the student was 
advlaad to enroll* Excluding ineofflpletes, continuing students , and 
withdrawals I 242 individuals were ttonltored over a three-year period 
of which 88 psrcent were reported to be successfully placed as defined 
ahave. 
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5. Intarpretaclona 

The BUQCM& rate was felt to hm relatively high and the MAPP was 
deserlbad as adequmtsly serving tha purpoaei for which It was Ititended. 
Efforts would be continued to monitor results and update the factors, 
weights t and test questions * 

Abstractor C omenta 
This Is a developfflental study in whish a apeclfle produce is QOa-^ 
strueted to specifications to fulfill a local need* Tha nead Identl-- 
fled harai that of l^roved placements Is a comion one and so the 
developmental procedures followed are of Intarast as wall as the 
affectlvenass of the product Itself, 

No information la given on how H^P was actually developed * There 
Is no indication given of what pool of factors were originally oonal-- 
dered or on what basis factors were selected or rej acted to arrive at 
the final ten. In addition, no description Is provided eoncemlng the 
statistical techniques employed In the computer programs to weigh the 
factors and combine them to produce a racofomended mathematles course. 
Thus, any person who may need information about the methodology of thla 
study would have to comunlcate with the investigator ^ for the report 
contains no description of the developmental procedures, 

A second consideration in a developmental study is the effective*- 
ness of the product « Here data are lacking. We are told that 83 
percent of those students who enrolled in the recoomendad course 
achlevad an A, B» or C. This may represent a good achievement record 
for those students but it may not be an appropriate measure of the 
success of tha placement program * Hw many of the students making 
A-S| B's or C's mde them because they were placed in a courae at a 
lower level than they should have been? How many of the withdrawals 
and Incompletes (who were left out of the data) ware a result of the 
placement program? All of these would represent placement errors 
that could lower the 88 percent figure. How does the success rata 
of MPP coitpare to that under the former placement program? 

Clearly, this article reports an endeavor that was never Intended 
as research but was a reasoned responae to a perplexing problem that 
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resulted in a nm^ ptoduct (two computer programs) and a n&w placement 
proaedure CM4PP)* fhe users are satlefted that It la an imprQvement 
©vsr prevloui practice based upon their experience with it and they 
are repartlng their resulta as an aid to others who nay wish to 
follow a similar course. 
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Iphals Yohamn and Klein, Zev. TM EFFECTS Of IWriGRATIONr AND OPEN 
IDUCATION ON M^TmM4TlCS ACHIEVQENT IN m Em'Y TRIMLY GRADES IN 
ISRAEL, Amerlcaii Educational Research JoutTial 15 s 319-323 1 Spring 
197B. 

Abstract and comitnts prepared for I,M.E« by J^ffiS E. BIEMEN^ 
fttioda Island ColLega* 

1# Pyrpose 

Thm purpose of this study was to eMmlne the effecte of both 
elassroom Integration and a vsraloii of open elassroom procedurea on 
th€ mathimstlea achlevanent of flrit* and ae£ond-|rade pupils, 

2* Rationale 

The study t^aa part of a longitudinal lnvestl|atlon of both th# 
affects of integration of lower- asid middla-clais studenta and tha 
affects of open elaasroom practieas on tha aahlfivenient of elemintary 
setiooi children In Jeruaalems Israal. An aatllat report of the pro^- 
ject had indicated the following s 

(a) Lowar-^clasa children , who were Integrated Into claasrooma 
wrlth a majority of nlddle^clasi children , achieved at a 
significantly higher level at the end of first and second 
grade than aimllar lower-else s chlldrafi in haimogenenus 
lowar^elass claaaroomSi 

(b) rhe effect of an opan classrooo Interveiition was most pro-* 
nounced at the and of the aeeond grade* Lower^clais 
ehlldran In Integrated clsisrooms utlllElng the iptclal 
program ^ere similar to their olddl#--elass pears In achieve^ 
menti Lower-class ehlldren in Integtited classrooms with 

no special Intervention parforaed at a loiter lavel, 

(c) The aohiavament of middles-class children In Integrated 
clasirDoms was not negatively affected » 

The prasent study was an attempt to invastlgate more specifically 
both the stability and the components of thige effecti* 
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3. Reeeafch Design and Proeedures 

The first- and seeond^grade classrooms used am the experimental 
group In this study had been organized In the fom of "aetivlty- 
oriented classes," Th% daflnlnB characteristics of these elaasrooma 
ware measured by an observation schedule developed by the authors. 
The characterlstles observed were similar to those reported in studie 
of U*S, and British open classrooMi It was found that the "activity 
oriented classes" differed from more traditional classrooms in class-* 
room management characteristics s pupil involvement ^ and affective 
dimensions. 

For the purpose of the study, all children were designated as 
either lower-class (LC) or middle class (MC) . This division was Mde 
along the lines of parent education and cultural background * Schools 
with 40 percent to 60 percent MC children were classified as inte^ 
grated schools i schools with a lower percentage were classified as 
homogeneous. Control schools were matched on the following dlmen^ 
alonss percentage of LC children In the claasroomp soclo-^economlc 
status of parents j academic level, school reputation in the coranunlty 
and religious or non* religious classification of the school* The 
study sample involved 1,143 children from eight schools, four eKper* 
Imental and four control. The control groups did not Include homo- 
geneous, MC schools with open education programs or homogeneous, LC 
schools without the program. Suitable data from such schools were 
not available at the time of the study. 

The. mathematics tests contained Items both on arithmetic skills 
and more abstract basic mathematical operations, Reading comprehen* 
slon tests were also administered, but a ceiling effect precluded 
analysis of the variability. Wie study was conducted in the Spring 
of 1972 when the project had been under way for three years. 

4, Findinfts 

The effects of type of school and grade level were ex^lnad 
separately for LC and MC children, A 3x2 analysis of variance 
Indicated the follo^ng algnlf leant effects for LC children? 
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type of school F (2,347) » 24.59, p<,001 

grade F a,347) ^ 21.64, p< .001 

type X grade F (2,347) - 7,32, p<,001 

Thm Interaction effect Is aecounted far by the Inereaiing gape In 
achievement among students in the three types of schools at the 
iecond^grade level* 

Analysla of MC scores found a al^ificant effect of type of 
school: F (2,733) ^ 14,92, p< .001* This effect was accountad for 
by the lower achievement of pupils In the homogeneous traditional 
schools. Hie Interaction between type of school and grade level 
was not significants F (2,733) ^2.49, 

5. Interpret at ions 

The data suggest that Integration had a positive Impact on the 
achievement of LC children, while the open classroom seemed to be 
differentially effeetlvei depending on classroom social setting , 
The nature of the interaction remains unclear * The authors caution 
against generalizing the results because of the specific meanings 
given to the terms "integration" and "open clnmri^' m" in this study , 

Abstractor's Comaents 
The abstractor's reactions to this study are ambivalent at best. 
On the one hand there is praise for this type of research for both 
educational and social reasons. On the ether hand, the method of 
reporting the study raises a number of questions which dilute Its 
findings . 

There is a definite need for the type of action research des- 
cribed in the study. The authors call It a "natural experiment," 
because the program studied arose in response to a particular set of 
aducational and socio-political conditions rather than as a vehicle 
for research. It is often the case that programs which begin In this 
way are not subjected to the close scrutiny and analysis given by 
well-designed educational research* In the absence of such research 
and evaluation, these programs fall back on subjective argiunents for 
their continuation or demise* The abstractor has seen examples of both. 
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One of the dangers of action research Is that all of the pieces - 
of a complete eKperimental design may not be in plaee for the Invea^ 
tigator. In this study, the lack of sufficient types of schools for 
the control groups and tha imprecision aaaociated with the variables 
"integration" and "open elasaroom" were recognized and acknowledged 
by the two researchers. However, even in these situations educators 
can use such research to help them underatand what is happening in 
their prograna and to give them data for making decisions about 
future program directions. 

The social Impllcatlone of the study also connnend It* The concept 
of Integrated schools has taken on a rather narrow definition in the 
United States i niis study, since It takes place In Israel where there 
are different soclaloglcal factors In the raake--up of school popula- 
tions, serves to expand the Issues surrounding the relationships 
between integration and achievement * 

Having praised the study for what it tries to do and for the 
Ifflportant issues it addresses, the abstractor still feels the need 
to criticise the lack of Information given by the researchers. The 
apparent positive Impact of Integration on the achievement of lower- 
class children Is based on the results of mathematics achievement 
tests. Since these tests were so crucial to the results of tha 
study, there should have been more discussion of the Instruments 
themselves « 

The description of the tests Is given In one sentence? "The 
mathematics tests contained items centering both on arithmetic skills 
and the more abstract mathematical operations*" In the absence of 
any more InfoOTatlon^ the following questions can be raised j 

1. Since this study Involved children from various socio^ 
aconomlc groups, was there any cultural bias In the tests? 

2. Did the open classroom effect have any bearing on test 
performance^ lie., were the testing procedures the same 
for both eKperimental and control groups? 

3. Would the results have been different if subtests of 
arithmetic skills and abstract operations had been 
analysed separately? 
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4. Since this was a longitudinal studyj to what extent does 
the teat^reteit effect enter Into the results? 

Investigations of relationihlps among academic achieveaenti 
clasaraam pfoceduret and aoelal gTOupings continue to be an important 
facet of educational research* The present study could have contri-' 
buted more to our underetandlng of these relationships if more care 
had been taken in reporting both the design of the study and its 
results. 
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Ethelberg-Laursen, J. ELECTRONIC CALCl^TORS AMD iAITIttffiTlCi TWO 
INVESTIGATIONS. M EXPERIMNT IN DMJISH SCHOOLS. Mathematics Teaching 
82 1 24-25 1 March 1978, 

Abstraet and coments prepared for I.M,E. by EDWMD C* BE^PSLEE, 
Seattle Pacific Unlveriltys Washington. 

1. Purpose 

The intent of this study was to determine if calculators could be 
used with eight-yaar-old students to teach addition, subtract ion * and 
ffiuitlplicatlon, 

2. Rationale 

The researcher had used calculators with children aged 13 and older, 
but he was interested in whether the calculator could be used in the 
primary classes with elght--year-olds where multiplication Is Introduced, 
Aiso^ since many teachers had used the calculator with older children , 
the researcher was intsrested In what effect the calculator would have on 
Introduciag concepts to children » 

3* Research Dsign and PrQcedurei 

Six different schools were used in the study. Four classes of eight-' 
year- olds were selected for the experimental group i one doing traditional 
arltimetlc and three doing "modern mathematics" ^ and a similar four 
classes acted as a control group. Six other classes formed a second 
control group i 

All classes were given a test on 100 nimber facts (additions subtrac- 
tlonj and multiplication) in June 1975^ In the new school yearj the four 
experimental classes began using their calculators. The control classes 
were asked not to use calculators In their lessons* The teachers of the 
eKperimantal classes were asked to use the machines as an aid on equal 
tarms with other teaching Mterials* for checking addition and subtraction, 
and for solving problems using "ev^^ryday" realistic numbers that were 
otherwise Mimanageable* Multiplication was taught as repeated addltionj 
the multiplication key was not used mitll later. 

Each teacher decided how much use to toake of the machines. At the 
end of the year, all classes were tested on tddltloni subtraction, and 
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mult IpllQat Ion, both ffiechanically and in problam salvdiigs without using 

4. Find in ga 

The investigator reports the number of mistakes made by ranges 
(e.g.p 0-3 errors I 4-9 errors* 10 or more errors)* He also reports the 
average time in minutes for taking the test and the number of pupils 
who did not attempt a stated number of questions. No statistical analy^ 
see were performed. 

5. Interpr etations 

Based on the raw data, the investigator concluded that the experi-- 
mental group performed no worse than the control group; hence this ia 
an answer to those erities of calculators who maintainp without evidence, 
that standards in arithmetic will fail if calculators are used. He also 
stated I "For me there ia no doubt about the place of calculators in 
teach tog." 



•^Is tnveetigation ia not an eKperimental research study; to critique 
it as such would consume more pages than were used in the original report. 
As was noted* no statistics were used to analyse datE* the ascperimental 
treatment was haphazard, and the invest igator based his conclusions on 
observing raw data and his feelings - Hence, this study should not be 
used in the body of research literature which will be used to support (or 
refute) the use of calculators in instruction* 

However, this investigation appears to have been done by a classroom 
teacher, using existing tests* More Investigations of this type would be 
useful provided they adhered to accepted educational research practices. 



Abst rafitorla Coiament s 
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Hay lock, Derek W, AN lOTESTIGATION INTO THE RELATIONSHIP BETWEEN 
DIVERGENT THINKING IN NON-mTHEMATlCAL AND MATHEMATICAL SITUATIONS. 
Mathematics In School 7i 25 j March 1978. 



Abatrmct and comments prepared for I.M.E. by RICHAOT LESH, 
Northwestern University, 

1. Purpose 

This study attempted "to relate the notions of fluency , flexibility 
and originality to pupils- responses In open-ended mathematical situa^ 
tlona," In particular s it attempted to find support for the following 
equation: 

MATHEMATICAL 
amEML SKILL Mm _ MATHEWTICAL 

CREATIVITY HIOWLEDGE " CREATIVITY 

2i Rationale 

General creativity teats ^ evaluating students for fluency, flexi^ 

blllty, and originality, 

are now well established instriments in the educational 
psychologist 'i toolbox. Linked with these tests is the 
notion that divergent thinking plays a large part in an 
Individual's creativity. Although mathematics is most 
naturally associated with convergent thinking * * * a 
ni^ber of authors , » * are now finding a place for 
"Creativity" within their objectives for mathematics teaching, 

3. Research Design and Procedures 

A totdl of 136 pupils aged 14--15p with a comprehensive ability range 
eKcludlng those of lowest abilityi were given a series of five tests 
dasignsd to Investigate the relationship between divergent production in 
non-mathematical and mathemfltical situations. 

Tests 1 and 2 were selected from the Minnesota battery of Tests of 
Creative linking. In Test 1, pupils were required to list the most 
unusuali Interesting^ and' clever ideas they could think of for using tin 
cans.' In Test 2, they had to sketch a§ many objects as possible which' 
contained a circle as a main part. Both tests were scored for fluency 
(number of appropriate responses) p flexibility (numbsr of different cate- 
gorlee of response used)* and originality (a score obtained by rewarding 
a response according to Its Inf requency) • 
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Teat 3 was a multlple-Qholce mathematlci attainment test designed 
to sort out those pupils who "knew snough nathematlcs^' to make a reason* 
able atteiQpE at the mathematical creativity tests. 

Tests 4 and 5 were two □pan-ended tests of divergent thinking, one 
geometrical and the other arithmetical , designed to be scored for fluency ^ 
flexibility, and originality in a way sitQilar to Tests 1 and 2. Bie 
geonetry test required the pupil to make as many etatetiients as possible 
about a designated line segment in a drawing « The arlthiQetic test asked 
the pupil to make the number "8" in as roany different and interesting ways 
as poisible (some examples for "9" were given in the queitlon) . Marking 
of this test presented some problems. Clear repetitlofis of the same idea 
were discounted even for caleulating a fluency score » For fleKlbllity in 
this conte>£tj pupils must dig into their Mthemattcal escperlences and 
select a wide range of different Ideai . Many pupils produced only "a mass 
of complieated Bxms with the answer '8'"* Others taade usm of number bases, 
logarithms, Eero, negative numbers, fractlonsp decltttalSg trigonometry, and 
e^onents; 35 such concepts were used and rewarded for originality. 

4, Findings 

The two "general creativity" tests gave moderately high correlations 
between themselves i 0.45 for fluency, 0*44 for f le^ctbllltyi and 0.49 for 
originality, all significant at the IZ level. Similarly , the two '-mathe- 
matical creativity" tests gave moderately high correlatloni between them- 
selves: 0.50 for fluency, 0.57 for fleKlbllity, and 0*43 for originality. 

Scores first for Tests 1 and 2 and then for Testa 3 and 4 were combined 
to 'give general creativity scores for fluency, fleKlbllity, and origlnalltyi 
Test 3 was then used to sort out the students who knew enough mathematics 
and demonstrated sufficient maitery of skills to Mke m reasonable range 
of answers possible in the open-handed tests. Fifty-^twa pupils scored full 
or nearly full marks on this test, but their scores for mathematical 
creativity ranged across as much as three standard deviations. For the 
52 pupils, the correlations between general and mathematical creativity 
ware near zero: 0,08 for fluency, 0.06 for flexibility, and 0*06 for 
originality • 
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5, Intarpretatlong 

Hayloak noted that the correlations between the testa 'Vere high 
enough to suggest that there was ■something there' that these two teats 
were measuring* even if It is somewhat presumptuous to label it 'mathe- 
matical creativity s ' " 

He concluded that 

Creativity within mathematics then would appear to be a 
specific ability I sueeeaa In open-ended situations in maths-* 
matlcs, measured by fluencyi flexibility and originality 
scores, cannot be attributed to a simple combination of 
success in general divergent thinking tasks plus eufflcient 
mathematical skills and knowledge* . * , If we are to make 
the fostering of creativity one of our goals In mathematics 
teachings we need to be clear about what we mean by this 
term, try to understand better how creativity functions 
within matheTMtics, how this is related to other intellectual 
factors, and seek to develop ways of asaeising and rewarding 
mathematical creativity in our elassrooms. 

Abstractor's Comments 

Haylock's study was concisely reported, olearly written 5 and well 
designed, and It addresaed an interesting issue. Incidentally, it was 
also based on an M.Ed, dissertation at the Centre for Science Education, 
Chelsea i Very coranendablet 

Psychological descriptions of people have for a long time centered 
around the premise that people have traits, personality traits and eognl-^ 
tive traits, that endure and that are manifest in all aituations* This 
notion is currently under strong attack, particularly In personality 
theory. Haylock-s study furnishes a rather strong argument calling for a 
reassessment of the kind of content-^lndependent abilities and processes 
that have dominated research on problem solving and concept formtlon. 

It is common to meet unusually intelligent and highly educated 
people who claim to lack a "roatheMtical mind". The presmption is that, 
regardless of a person's stock of prerequisite knowledge and prior train- 
ing, there are certain underlying abilities that are unique and specific 
to mathematics, and that people who lack these abllltlee (even though 
they may perform outatandlngly in other areas of thought) may be restricted 
In their ability to reason mathemtically. On the other hand, the axis-- 
Cencs of cognitive abilities that art unique and speclfie to Mthematics 
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and not simply attributable to "lack of knowledge concerning prerequisite 
facts" Is by no means unlversaily accepted among paychologistg , mathema- 
ticians ^ or educators. 

Although a nuinber of studies have claimed to furnish evidence that 
ability In mathematics li distinct from general intelligence, the Influence 
of non-ability factors like "motivation and interest'^ "prior training 
or practice In gpecific content aTeas", and "lack of specific bits of 
information or specific prerequisite skills" has usimlly been Ignorsd* 
For BKamplei Gagne's research (1970) suggesta that, after differances in 
prerequisite knowledge have been factored out, mathematical abilities may 
be nothing aore than specif Ic manlfestationa of general Intelligence, 

Several ffathaTOatlclans (e.g* , Poincare, HadaMrd, Kolmogorov) and 
psychologists (e.g., Krutetakil, Binet, Revest) have argued convincingly 
for the uniqueness of mathematieal abllltiea. Nonetheless , these Indivi- 
duals have bean careful to distinguish between ordinary "school" ability 
and independent, creative matheBiatlcal ability. For eKample, KolmQgorov 
(aited In Kruc%tBklij 1976) stated that "ordinary, average human abilities 
are quite sufficient for masterlng"wlth good guidance or good books . # 
the mathematics that is taught In secondary school" (p. 4), Krutetskli 
writes, "Anyone can become an ordinary mathematician i (but) one must be 
born an outstanding, talented mathematician" (1976, p. 361). 

In spite of the above claims ^ it Is quite obvious that people who are 
good problim aolvara or who are creative in one conteKt (or in one type 
of situation, or in one discipline) may be average or below average in 
another e Research like Haylock'a supports the notion that people may 
well form severe personae for different iltuations'^^f amlly, peer groups, 
gchooli The student's personality may be different at different tlmes^ 
in different situations, in different mental and psychological states, 
as a fwictlan of his or her particular agenda at the moment. Cognitive 
parformance may be moved upward and downward by load factors in the indi^ 
vidual and In the sltuatlons-*-e*g. , noise^ emotionality, distraction, 
confusionp shyness, anxiety. So, students fluctuate in their apparent 
ability depending upon the time and place. More research is clearly needed 
in this aresi and Hay lock's study is a clear first step toward a more 
sophiatlcated discussion of mthtmatlcal proceaaes and abilities. 
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Hlabert^ Jamts and Tonnessens Lowell H. DEVELOBffiNT OF THE FRACTION 
CONCEPT IN TWO PHYSICAL GONTEXTSi AN EmORATORY INVESTIGATION, 
Journal far Research In Mathematies Education 9i 374^378 i NQVemter 
1978. 



Abstract and eomnents prepared for I.M.E. by A. EDWAM UPRICH^D, 
University o£ South Florida* 

1« Furpose 

Ths present study investigated young ehlldran*s Initial under- 
standing of the part^whola fraetion concept within physical represen-* 
tatlDns of eontlnuoui quantity (length and area) and discrete quantity 
(aet/aubsat) . The purpose of this study was to replicate and extend 
ths work of Jiaget, Inhelders and Saeminska (1960) to determine if 
Plaget-B part^vhole interpretation for the cantlnuoua casee of length 
and area apply equally well to the dlscreta quantity caaei 

2. Rationale 

Plaget et al» suggest that children's undaratanding of part-whole 
and part-^part relationships (length and arta) proceeds through ieveral 
stages and is guided by an "anticipatory seheme" which provides the 
child with the ability to recognise beforehand the relationships 
required in a aubdlvision problem. The scheme Is first oparational 
In situations requiring only one dichotomy Chalves) , then extended to 
successive dlchotosiles Cfourthss eighths), and finally transferred to 
oltuatlona Involving thirds ^ fifths , and sloths, 

Flaget at al* provide a conceptual analyale of fraction (contin*- 
uoua quantity) to aQCompany the above described developmental progres*^ 
slon of the fraction Idea* The seven aubconcepts of the analysis 
(that are suggested to be logically and psychologically interrelated 
to form a single mental construct) can be defined as the realisation 
that (a) the whole la divisible, potentially cemposed of separable 
alementSy (b) a fraction implies a determinate number of parts ^ (a) 
the subdivlalon muat be e^austive, (d) there Is a flKed relation 
between the number of parts and the number of divisions, (e) the parts 
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hava a nesting or hierarchical Gharactev, Cf) the whole li consarved 



If Plaget's conceptual analysli of contlnuoua quantity tasks 
Ciength and a^ea) eauld be extended to the discrete qiuantlty task 
C8€t/aubaat)p Its usefulness for Inatructlon would Increase, 

3. Research DeslRn and Procedures 

Nine chlldranp ages 5 years 4 months to 8 years 0 months * were 
aaeh administered three tasks i an area task, a length task^ and a 
set /subset task. The tasks required tha child to divide a quantity 
equally among a ntraber of stuffed animals seated around a table so 
that the quantity was completely used up. nia area task used a 
circular clay "pie," the length task used a piece of licorice, and 
the set/subset task used penny candy (four times as many candies as 
animals). All tasks for a particular child dealt with the same 
fractional number^ but the fractions between chlldrei were varied* 
Two children received tasks dealing with halves, three ^r.hildren 
received thirds, three children received fourths , and one Qhild 
received fifths. Thm individual interview sessions were videotaped 
to facilitate a detailed analysis of reiponses« For purposes of 
replication and co^arlsoni the task formats and protocols in this 
study followed closely those employed by Plaget et al, 

4« Findings and Interpretations 

Wlthin-^subject inforxnatlon suggested that the three physical 
representations of fraction produced tasks of differing difficulty* 
The aet<-subset discrete case was easier than the continuous cases 
of length and area. Co^lete and It^edlate solutions to continuous 
quantity tasks require well-^developed anticipatory schemes} children 
can solve discrete tasks (set/subset) without treating the set as a 
whole. Also I the set/subset tasks were Imediately solvable on the 
basis of nimber strategies (counting); length and area tasks were not. 

Between^aubject information was used to generate results pertain- 
ing to the developmental sequence In understanding fractional nimbere. 



under subdivisloii, and Cg) all parts wist be equal. 
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In the area rapresentatlons , halves and fourths were sueeessfully con^ 
stciJeted by some children , but thirds were not* With length represen- 
tations the level of dliflGulty correaponded to the number of parts 
(halves J thlrdst fourths, fifths) | successive dichotomy vas not used 
to subdivide length. All the set/subset representations were solved 
with equal success regardless of fractional nw^ersi 

Thm third set of results concerns the adequacy of Plagat et als's 
concaptual analysis of fraction. The riciiults from this pilot study 
suggest that the analysis is only appropriate for continuous quantity 
representations* Thus, the problem of identifying one set of criteria 
that define a cofflpleta part-whole fraction concept across all physical 
representations refflalns. 



The authors usad a elinical approach (structured Interview) to 
study an interesting problemi children's understanding of the frac*- 
tion concipt Ccontlnuous and discrete cases). The investigation was 
designed to be eKploratory in nature rather than to eonflOT or negate 
specific hypothesas. In a clinical investigation of this type the 
significance cr worth of the results relate directly to the tasks or 
protocols used, Hancep the issues I raise with respect to the pre** 
sent Investigation focus on the tasks comprising the structured over*" 
vieWi 

It's my belief that the number of tasks ad^nistered per inter- 
vlaw In this investigation was not sufflGlent* For exaBiple, a child 
racelved only three tasks per Interview with each task Involving the 
same fractional number. I would suggest that at least nine tasks 
should have been usedi three area, three length, and three set/subsat* 
Within each type (i-e., area), the tasks should have focused on halvea, 
fourths » and thirds or fifths* This arrangement (protocol) would have 
generated more interesting data for the wtthin^subject analysis. 
Further, a sarnie of parallel tasks on the pictorial or iconic level 
could ha^^e bean included in the interview protocol. It would have 
been Interesting to observe if the counting strategy used by children 



Abstractor's Cosffisnts 
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in the set/subiet tasks involving sanlpulatives was effective on the 
pletorlal Itvel. I suspect that on a pictorial level a child might 
be forced to think of the set as a whole beforehand (a la Flaget) in 
order to subdivide it« 

In sumt the present Inveatigatlon focused on a significant prob- 
lem, and It was carefully implemeiited and reported | however, the 
design could have been Improved with minor changes. The changes 
(see above) wou.T^i have allowed the researchers a more In-depth 
exaffilnatlon of the construct and may have yielded better Insights 
for future work. 
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Hmymt^ Ruth Ann* MATHQ^TIC^ PROBLSf-SOLVING PIWO^MCE MD INTELLEC- 
TOAL ABILITIES OF FOTOTH-GBADE CHILDREN. Journal far Research In Matha- ^ 
aatlcs EdueatlQn 9i 334-348 | November 1978* 



Abatraet and cofiraaenta prepared for I.M.E. by JAMS H, VANCE, 
University of Victoria, 

1, Pur post 

The purposa of the investigation was to identify a structure of 
intsllactual abilitiei related to mathesatiaal problem-iolvlng perfor-- 
nance. 

2, Rationale 

Hie investigation grew out of an earlier study of concept attain- 
ment abilities (CAA) at the Wisconsin Research and Development Center 
for Cognitive Learning , In that project p which investigated relation- 
shlpe between cognitive abilities and concept learning In four school 
subjects I factor analyelB was used to Identify cognitive abilities 
underlying several batteries of reference teats, 

Faetor-analytic procedures have been mployed in a variety of 
other studies of nathematlcal abilities or problem-solving abilities. 
Ihe cussulativa results of the research suggested to the investigator 
the existence 6f a somewhat stable structure of Intellectual abilities* 
This study was designed to explore relationships between intellectual 
abilities and mathematical problea-solvlng perfonaancaj an aspect which 
had received little previous attention t 

3» Research Design and Procedures 

Twenty tests were administered to 179 fourth'-grade children from 
three states. All subjects had been studying from the same mathema^ 
tics textbook. 

Mlneteen of the measures were reference tests for Intellectual 
abilities selected from the CAA battery. At least two tests were 
Included for each of seven hypothesised intellectual abilities: 
Verbal, Induction, Numerical , Word Fluency, Memory, Perceptual Speed, 
and Simple VlsuallEatlon, 
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Ths othar instrument was tha Ro^erg-Wearne Mthematical problem 
solving test which aenslstB of ninataan "aupsrltems" aach cantalning 
a aoi^rahansipn quastloni an applleatian quastiony and a problam 
solving quaetion. Thm teat yialds sapmrata aaores for aomprahanaloni 
application 9 and problem solving » 

^ Means p standard deviations, and rallabillty estimates were 
obtained for each of the ninataan referanca teats and the three parts 
of tha problaa solving test. Factor analysle was used on tha inter- 
eorralatlon matrix of tha 22 variablas. 

4. Findings 

Intarpretation yialdad six comparabla coBmon factors identified 
asr Verbal; Induction of classes employing symbolic content; Numarl- 
call Parcaptual Spaed | Induction employing verbal samantic, pictorial ' 
aamantici or flgural content i and ^thamatlcs. 

Means s standard deviations , Hoyt rallabillty estimates, and inter^ 



corralatlons for the thraa parts of the nlnataen^item problam solving 

test ware as follows: « ^ ^ 

Intar corralatlons 



Subtest 


Means 


Standard 
Deviation 


Reliability 


Compre- 
hension 


Appli- 
cation 


Cemprehens Ion 


13.52 


2.41 


.48 






Application 


9.72 


3.33 


.69 


.68 




Problem Solving 


3.47 


2.40 


.59 


.48 


.60 



5. In t ar p r a t a t ions ™^ 

t Tha study suggestad that intalleetual structuras contain a apaei^ 
flc Mathematics ability along with Varbal, Induction or Reasoning (two), 
Numarlcal, and Fercaptual Spaad abilities* ^a sIk factors resambla the 
seven hypothasized factors, but there are dlffarancas. The General 
Hathamatics faator which emerged was detennined by the Comprehension, 
Application, Problem^Solving, and Mathematics Computation tests, and 
it rasamblad factors identified by previous rasaarchers as Arithmetic 
or Mathematical Raaionlng^ Furthar axamlnatlon of the data suggested 
that there may be some ralationshlp between problam solving and Numar^ 
leal ability, and that applications are slightly related to Verbal ability. 
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In iragard to problam^solvlng perforinance, the study indicated' 
that pfaraqulalts skills and eoncapta ara relatad to some of the 
variance in problem solving, but mastery of these ekills and con-* 
aepts does not guarantee sucQese in problem solving* 

Aba t rac to r - s CoTOen t s 
One of two wain conclusions drami by the investigator was that 
Intallactual structures contain a Mathematics ability. Such an abil- 
ity had net been hypothasiEed for the study * but given the testa used 
the rasult Mght well have bean anticipated. This factor was deter-* 
mined by four tests«tha three parts of tha Rombarg*-Waarna test and 
the Computational Skills test (also constructed by Romberg) * One 
vd.ght have expected that these four measures would have high corre*- 
latlons, even more so perhaps since Romberg was the senior author of 
the textbook uaad by the sub j acts. Similarly ^ the tentative conclu* 
slons that problem solving in Mathematics appears to be related to 
numerical ability and applications to verbal ability are not start** 
ling. 

Since this was a study on mathematical problem solvi|ig-*-a topic 
of major importanca to classroom teachers as well as to researchers 
-^'the Instrument used ta meaiure this ability is of particular 
Interest, A sample test item Included in the report helps the 
reader understand how problem solving is defined for tha study and 
ta think about possible Implications for the classroom« The problems- 
salving question for one a£ the suparltems la as follows! 

In another parking lot, trucks are parked. Each truck 
takes the space of 3 ears. There are 12 trucks In the 
parking lot I and It Is completely full. If there were 
4 rows in the parking lotp how many ears could be parked 
in each row? 

This highly verbal "problem" requires two steps and two differ* 
ant operations for its solution. The mean for the test was 3,14 
(out of 19) , confirming that this type of question is very difficult 
far mast fourth graders. The investigator acknowledged this fact 
and also the low reliability of the test (.59) in discussing limita^ 
tions of the study. 
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The other main concluslen of the study had to do with the role 
of prerequisite skills and conespti in sueeeas in prpbleo Bolving, 
Again the conclusion that these are Important but not sufficient 
night have been prediated, particularly when one looks at the sample 
item* The comprehension question was a True^^alie quaatlon, and the 
application question was a one^atep problm using the two numbers In 
the stem» 

in suimaryp In studies of relationships between mathematical 
problen^solving perfonaance and Intellectual abilities i one M^t 
asks 

(1) To what extent will the rceults depend on th^- particular 
tests used? 

(2) Ifliat new informtlon and iB^lications nd^ght be e^^ected 
from the results regarding furthering problem^solving 
skills of students? 
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N€lgoil» L* and Kleren, T, E» CHILDREN'S BEHAVIOR IN SOLVING SPATI^ 
PROBLEMS* Alberta jQurnal of Educational Research 23 i 22-30 j March 
1977. ' ^ . 



Abstract and comentB prapared for I*M,E* by ^RY MONTGOMRY LlNDQUISTp 
Naclanal Callage of Education. 

1. Purpose 

The purpose of this study was to observe the behavior of three- 
to elght--year«olds while solving spatial probl^e that Involved folding 
two<^dlmenalonal networks Into three-dimanslonal forma « 

Zm Rationale 

Sasplta the fact that proble© solving is a primary aim of mathe-* 
satlcs Instruction^ there is little knowledge about young children's 
probleni-solving behaviors « This study is one of a aeries of croas- 
sectional and longitudinal studies kelson and Sawadai 1975) that 
addrass this concern « 

3p Research Design and Procadures 

Sixty sub J acts p 10 from each age three to eighty were selected 
from 200 volunteers. Each subject was interviewed , video-- taped, and 
then his or her behavior analysed on the following tasks I 

(1) . Cube. Each ehlld was shorn a Plexiglas^Velcro cubei and was 
shown how to disassemble It, After the child had mastered disassem- 
bling and reassembling the cubes he or she was shown, one at a time, 
six two'^dlmens tonal patterns. The child was asked to predict whether 
each pattern could be folded Into a cube and than permitted to fold. 
The first four patterns could be folded into a cube and the last two 
pattens could not be folded « In the case of the two patterns the 
child was asked to rearrange the squares so the pattern could be folded 
into a cube« 

(2) Tetrahedron, Taska similar to those of the cube utilizing 
two different triangular patterns, one foldable and one not foldable, 
were presented* 



45 



42 



(3) Dodeoahedron. Each child was given a dodecahedran and asked 
to disaasimbla and raaassiable It, 

4. Findings 

(1) Cube. HoBt children could assemble the cube and had developed 
a systematic procedure far f elding # Older children used more productive 
procedures, fifty percent of the children refused to predict | the per- 
centage of correct predict Ions Increased with age. After finding that 
one pattern was unfoldablep more children were able to prediet the next 
pattern was unfoldable. 

(2) Tetrahedron« This was a more difficult task than the cube-^ 
B^re children had difficulty putting one togetherp very few would make 
any predictions, and only 20 percent could modify the unfoldable pattern 
so that it would be foldable. 

(3) Dodecahedron t This task was mora age^dependent; 3 of the IS 
children who could assemble It were elght'^year-^oldSp 

5. Interpretations 

The fDilowlng four conclusions were generated from the research , 
but the research was exploratory in nature and was not designed to test 
these conclusions I 

(a) The geometric problems posed for this sample > especially those 
involving the cube, seemed to be appropriate for children aged three to 
eight* The children were able to gain appropriate physical experience 
and ^*solve the problem'* by constructing the desired model. 

(b) The younger children ^ particularly, did not seem to gain 
Bathefflatlco'^lQgical eKperlenrr ^ from the problams. Thmy were less able 
to cope with unfoldable shapes than were older children (eight-^year-^ 
olds). Although most children were good builders p the younger children 
tended to use less efficient folding procedures, probably indicating a 
lesser or different use of analysis t 

(c) A majority of the children In this sample, Including nearly 
half of the older children (seven* and eight-«year»olds} , indicated a 
lack of operational control over the problems In that they refused to 
predict the foldablllty of the various layouts. This willingness and 
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accuracy of prediction changed aoaewhat with age* The eight^year-^Qlds 
Bmmmd most nearly In eontrol of difficult sltuatlona, e.g.| unfold^- 
able cubt layouts and the dodecahedron problein. 

(d) The noncube problems presented peraeptual and conceptual 
problems to many students. Part of this probably was due to laok of 
familiarity with the noncube objects. However, inability to work with 
nQnraetlllnear lines seemed a major cause of problems » 

Bedsides these four conclusions , several cairaents about the 
research were madej Including that it Is possible to observe and 
classify problems-solving behaviors, these behaviors seem to be age 
related, and realistic problems can be created for young children, 

Abs tr a c to r * s Coimen t s 

Many important questions were posed in the aeries of studies to 
which this belongs. Without examining the series. It is difficult to 
Judge how much this particular study contributed to the whole* 

It is good to see exploratory, observational studies being 
reported. However, if more exploratory work was done in a pilot 
phase, then a somewhat toore systematic observational study could 
be reported. For eKample, if the investigators had previously deter** 
mined that young children could handle the materials and were motivated 
by the tasks, then they could have examined more systematically the lay- 
out presentations. Wiat would have happened If an unfoldable layout 
was presented earlier in the sequence? 

The four conclusions dravm, albeit not proved, follow logically 
from the observations « One is only surprised that they were not 
expected In advance. As 1 read the concluding section, I was struck 
with the dual interests of the investigators— observing problei^solvlng 
behaviors and developing currlculinn* Of course, the two interests are 
not mutually exclusive and both need research. However, It Is my opln« 
ion that this InteraQtlon of interests may have prevented the research 
from shedding more light on the problem^solving behaviors. At this 
point they needed to be separated and then, later, brought together* 
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frigge, Glaiin R* THE DIFIERENTIAl EFFECTS OF THE USE OF MANlPULATlTO 
AIDS ON TOE LE^ING OF GEOMITRIC CONCEPTS BY EL^©JTARt SCHOOL CHIl^REN. 
Jouiml for Reraarch in MathesatlGS Education 9: 361**367i Novettber 1978. 



Abstract and cosments prepared for I.M.E. by STEPHQJ S. WiLlOUGHBY, 
New York Univaralty. 

li Purpose 

The purpoae of this study was to determine which of three inatrue- 
tiona.l settings (no manlpulativa alds» two-dliQenilonal manipulative aids, 
or thrae-dlmenBiocial manipulatlva aids) is most affectivt in teaching 
geometry to students In the third grade. The question was repeated for 
higli ability and for low ability ahildren as Identified by the Iowa Test 
of Basic Skills (ITBS) . 

2, Rationale 

Although there Is considerable evidence supportin| the use of manl^ 
pulatlve aids In teaching geometry» the question of which aids are moat 
effective is unanswered « 

3. Research Design a nd Proeadures 

Treatments * There were three treatment groups; W using no manl-* 
pulatlva aldsg M using two-dlmenaional manipulatlva aldss and R 
using thrae-dlmensional manipulative aida. The expsrlmenter 
prepared special 56-paga programmed instructional units for the 
three groups. The unit lasted for ten daysi 60 lalnutes each day. 

b. Sample and ^alysls . Ona hundred forty*-slx (146) subjects from 
two suburban schools (66 from ones 80 from the other) were Iden-* 
tlfled as high, middle , or low ability by their ITBS scores and 
randomly assigned to the three treatment groups* Malysle of 
variance was used to test for significant dlffarences among 
Mans* Bonferronl t-statlstlcs were used to calculate sIjquI- 
taneous confidence Intarvals for established propositions. The 
two schools were treated separately. 

e. Evaluation Instrument . Parallel forms of a gtomatry test created 
by the experimenter were administered on the llthi 21st p and 31st 
days. 
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4- Findings 

Ti^aaty-sevan (27) propdaltlQns \mtm tmBtmd iM each sehool^ Of 
thasts thata ware 12 that produced atmclstiaally slpilf leant raaultSi 
all tBVQTlng R (tliraa^dlmeiialanml aids) ovmt W (no aids) or M (two- 
disie&alQnal aids) , There vare no statistically al^lf leant dlf fereneas 
for tha high ability levalSp but five Involving the low ability groups* 

5- Interprstatlons 

Since all poat-treatment measuiraa favored treatment R (though not 
ail ware statistically significant) "tha claJja that children ara battar 
able to learn geomatric conaepta whan geometric solids are Includad in 
tha prasantatlon Is supportad." AliOi the "research eupporti the use 
of solids for low ability atudants*" Tha research did not 8upp©rt or 
rsf uta daJms for use of two-dJjnenalQnal aids or for any aids with higher 
ability atudentst 

^gtractor's CoTOents 
The questions aakad in this study ara good questional and there la 
room for mora research that asks and attampts to answer such questlons» 
In particular, the idea that three-dtoenslonal aids might be more useful 
In taachlng eoncapta about plane gaametry than two-dimensional aids Is 
m creative and Intarastlng iuggeatlon« To consider the ppsslbillty that 
different kinds of chlldran might learn mora effectively in di£farant 
kinds of settings Is often overlooked in our desire to collect statistical 
avldenca supporting some special methods The author is contended for 
:not doing so. 

However 1 the very small nwber of subjects in each cell must be 
^remarked upon. The basis oi our statistical techniques is that popula- 
tions are normally distributed and samples are chosen randomly « These 
assumptions may be violated with relatively little damage if the sample 
is vary large and the population very large with respect to the sample » 
This was not the case here» and the raaults are therefore possibly 
Suspect 1 

Ability level would aeem to be a less Important variable In deter- 
mining which ehildran would succeed with each teclmlque thaii other possl- 
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him vs^lablas. Xt would be Interesting co Qonsldar some of the otheir 
pd3§lbllltlaa» Bayond this, the reader is certainly left to wonder 
what "high ability" means when t©ld that "because of the variability 
q£ the ITBS mQQTBB maah sahool had different ranges for high* middle, 
and low*" Obviously, the tsras are only talative to the sohooli Ijq 
question* and may not pertain to other settings at all. 

Using prograflpmed teKt material to teaah the sub J set li a very good 
way to avoid the probleo of teachar variables » but aay limit the 
generality of the results unleas we expeat other groups of third iraders 
to ba taught in the same way* Ineidantally, the number of teachers and 
teacher aides in the classas was held eonstant (presumably there was 
one of each s although that is not specified). Again, there is Bomm 
quastlon about the generality of the results « 

In summary, the questions asked are good, the data appear to 
Support the use of three--dlmensional alda, but thia reader finds tha very 
sophlstlaated statistical teclmlques somewhat aupertluoualn light of the 
smXl aell sl^es and rseommends care ixi generalising the results In 
light of the spaclal circumataneea* 
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Shetmant Julia aiid FanneM, Elizabeth. THE STUDY OF MATHEMATICS BY 
HIOH SCHOOL GimB AND BOYS J EELATED VARI^LES, ^arlean Educational 
RsBsarah jQurnal 14s 159-168 i Sprtog 1977 • 



Abstraot and eoimisiits ptspared Sow I.M*E. by RtJTH ANN MEYER, Weatarn 
Michigan Uaiv©rsl£y« 

1» Purpoag 

The purpaae ot this study wae to deteirmlat the relationships 
betwaan liBportant affedtlve* aognitivei and other variables and the 
decision to enroll isi furthar nathematios claaaes. 

2-* Rationale 

Although many studies have investigated aeK-related dlffarencas 
in matheioatics achltvimtntp little attention has been given In the 
analyses of the results at thase studiae to the fact that fsver femalas 
than loalaa elect to contlnua the study of oiathematlcs during their lata 
high school and post high school aducatlon. Since time spant in mathe^ 
matlcs classas clearly af facts performance on both mthematlcs achieve- 
ment and aptltuda taetSi this situation must be consldarad seriously. 

3* Rasaarch Design and Procadures 

Data wsra collected from students in grades 9^12 on thres cognitive 
variables (mathamatlcs achievement » varbal ability p and spatial vlauall- 
lation) and aight affectlva variables (Attitude toward Succsis In 
Mathematics^ Staraotypl^g of Mathematics as a Mala Domatop Ptrcelvad 
Attituda of Mother, Father » and Teacher towards one as a laamar of 
mathamaticSi Eff active Motivation iji Mathematlaap Confidenca Iji Learning 
ItothaiuticSt and tlsafulnass of Mathematics), In addltloup all atudants 
vara aiked to indicate whathar or not thay totandtd to enroll la a 
taathamatics coursa the next shcool year or whechar they wera midaclded* 
^Ince iAtent maasiires Indicated that almost all nlnth^grade students 
vara planning to anroll In tanth^grade mathasatiea and because faw girls 
Hera studying twelf th-grada n^thamatlcss the nbith and twelfth grades 
were ellmlnatad frosi further analysis. 
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Two MtheiMtles achievement groups (those who scored abovs the 
iDSdlaQ of the dlstrlhutlOTi of the utheontlcs achievement seox^es and 
those who scored belo\^ the median) and two ijitent groups Cthase who 
Intended to take nathes^tlcs next year and those who did not or were 
tmdeclded) » The nunher of inales and females in eaoh achievement gtoup 
who intended/did not intend to take mathesiatlcs mext ^ear was determiiied. 

Chi aquaraa for each achievement group were calculated from the 
frequency data. MQVkm (2 saKest 2 grades p 2 mathematics achlavaiaeQt 
levalsp 2 intents) were perforiaed OA all varlableg, Analyaes of 
eovarlance (2 saxes » 2 grades, 2 jjatents) were performed also on all 
affective variables using the three cognitive variables as covarlates. 

4. Findings 

The chl squares showed thatp In general i more boys than glrle 
intended to continue to study matheMtlcs. The only eKDeptlon was that 
there was no significant difference between the number of eleventh-grade 
boys and girls In the top mathematics level in Intent to continue in 
fiuathematlcs . 

Students In the top half of their claae in mathematics achievement 
scored significantly higher on all variables ^ The only seK^related 
differences foimd were for verbal ability (girls higher) and Math as a 
Male ^Domain (boys more stereotyped). All variables, with the eKceptlon 
of .Math as a Male Domaini differentiated between students' planning and 
not planning to continue their study of mathematics « The grade by level 
far Confidence, Intent by level for Attitude for Success, and a quadruple 
interaction for Effectance Motivation were the only interaatlons which 
were significant. The analyses of eovarlance confirmed the AHOVA 
results for the two achievement levels, but found sex^relattd differences 
for Effectance Motivation (In favor of girls) and tfath as a M^le ^maln 
(In favor of boys) . 

5. Interpretations 

The frequency data Indicated that more males than femalaa intended 
to take mathematics the following year. The study also suggested that 
male and female groups "equated" on Intent to study mathematics and 
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nathettmtles achievement ot on the co^ltive variables, verbal ability, 
spatial visualisation, and Mthematlca achleveiBenti differed little ixk 
the attitudes ralevant to lamtheMtlca. The one Important exaeptlon 
vaa Math as Mala Domln* The invest Igatora coTOented that perhaps the 
girls of this study, who llvs to a conmunity In vhleh the women -a 
TOvament reaelves much publicity, may overtly agree that nsathematles 
is appropriate for women, but when It came to selecting advanced courses 
they behaved la a sterotyplc way* However ^ when the female and male 
groups were not "equated", that is, when cognitive factors and totent 
to study mathetBatlcs were not controlled (Fennsma and Sherman, 1977), 
the girls had less confidence In their ability to learn mathamatlcs, 
less eKpectatlon that matheoatlcs would be useful to them, and perceived 
their fathers and mothers as less positive to them as learners of 
mathematics than did boys# 

Previous research, the findings of this study, and that of Fennema 
tod Sherman (1977) encouraged the investigators to make the following 
recotmendatlons: 

1* Programs dtelgned to Increase female participation In mathematlca 
should consider factors such as confidence, usefulness, and 
perceived aKpectatlona of slpilf leant others. 

2. While studying the mathematics performances of males and females, 
inveatlgators should either control for mathematlca background 
and attitudes or refraJja from drawing conclusions which suggest 
that differences can be attributed to the mm of the subjects* 

Abstracter's Co menta 

Soma of the Impact of this study is already evident. The study -a 
results are quoted as rationale for proposed research projects* Many 
state and national agencies are attes^tlng to replicate the findings of 
Sherman and Fennema* Variables such as perceptions of the usefulness of 
mtheisatlca, the influence of significant others, sterotypiag of mathe- 
natica as a male domain, mathematlas anxiety, and self-conf Idance as a 
learner of mathematics are bejjig tavestlgated is possible predictors of 
femalea* continued enrollment in mathematics classes. 
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AlCliOugh this well-drganlEed study l^s Inf lusnced mmny stoilar 
TrnmBBtch pMjaets* there my be momm question about Its gsnerallEa- 
billty. The aubjaats were pooled over four high schools eaoh located 
ia a aomswhat dlfferest eoQloeconooilc camunlty (Fenneina and Shersian, 
1977)* It Is doubtful that the msmm number of glrle In each school 
tntendad to coAtlnue studying mathematics « 

HsverthaleiSy the statistical procedures were appropriate and 
accurate • The authors noted the hazards of using multiple univariate 
ANOVAs on somewhat taterrelated variables* The analysis of covarlaace 
provided neceBsary confirmation results. This was particularly true 
for the Elfeetanca Motivation because of Its quadruple ANOVA interaction* 

In Bvmmty^ this and other studies by Pennema and Sherman will 
continue to contribute to matheniatlcs education until factors slgnl-- 
flcantly related to mathematics "drop-out" are foimd. Identification 
of these factors that Inhibit yorag women from pursuing mthematics 
courses will permit sducators to plan intervention studies which will 
attempt to eliminate these barriers. 

Reference 

Fennema* E* and Sherman, J, Sex-related Differences In Mathematics 
Achievement p American Educational Research Journal 14* 51^^71; 
Winter 1977, - ^ " ~— — - ^ 
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Trant, John H* NEED FOR m-SEtRVlCE AHD PRI-SERl/rCE mmC fiOirC4*IlON. 
Sehool Scie nce and Mathiaatles 78 1 j Janmiary 1978, 



Aifltract and conraentg ptepared for I.M,E. ty ROBERT % TOlD^ 
Virginia Polytiahfilc Institute and Sc^tfe Util^irslcy. 

I* Purpose 

The purpose of this study ^^ai to detemne (a) the etirtfin^ <19753 
knowledge about the oettic iysCem p^ssis^ed Hiv'ad^ teachers and (b5 
vrhethtr or not there was a used for in^mmr^ia^ workstiops io^ ttiosi 
teachers . 

2t Rationale 

nie ability of teachers to Laad studants Into a ttatrlc vo^lA 
depends in pErt on their kncwledgi at the mogt uaed tfea^ur'emsnc 
system* Thus, a survey to aicertatfi tlm leveJ^f lcaawl«dgi or thi 
nasd for training is appropxlaci fotf atiy state or loealityi 

3. Reaaarch Design and Pfocedurcs 

The queatlonnalre. A tvo--psTt qu^sclo^nslri mm usidi 

(1) •'Need far Metrle Iforkehcp'* c€tisls tltig of n£ne q^isttonp^, 
one of whleh cotttaiaed to© patci| t-i.i 

"7» If B fidera-lly fundid ln^ger^tci courpi in lettic 
edueatlon %r%t^ offered ty thm On±VetBl.ty ojf N^v=#da | 
Reno I would you ittitmd it? 
A( If tt in yoimr coisnt^j 

B# It It M^t^ offerad ch the Uni^trstty ojf N^v^^da , 
Rens eaxapus . " 

(2) •'Know'ledgi oC Me trie SystMQ*' eonsdicing of seven qua^- 
tlens relatiag tc amss^ length, veluie i preilicea , 
tempiratura and the mfiaalnj of a«id ^SV ^ 

The aanple . The awpla Included 135 rural alamefft^ry ichocl 
teaoherSp 145 elementary teacheii frcto large p^pulatlcn ar«as, 3.03 
elesintary teaehers £roa medlutt populaciosi areas p 64 JualoT hlgli 
sehool teachers p and 75 high scfcool teach^Si An adaitlonal saeiple 
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of prgservlca teachers Included 44 enrolled in an slenientary nathe- 
matlaa mathads course and 18 enrolled in a secondary mithtmaties 
mathods coiirse* (ThMS numbsrs are Inferred from the nuBaber of 
rasponsis recorded in iach category #) 

■'In order to obtain the desired infotmctonp two queationnaires 
were sent to a randoiD iample of tn-^aervlee eleraentary and eeoondary 
teachers in Nevada* TJiese same quest ionnatrei were also admlnietered 
to both elementary and secondary (pre**aerviee) methods students at 
the University of Nevada i Reno," 

Statisti cal Treatflient, Frequencies and percent responding for 
each ^fidWii^ choicg wet^ sunmarized for (a) Elenientary Teachers (rural i 
large, medium population) | (b) junior high school teachers; (c) high 
school teacherai (d) elenentary and secondary nathematica methods 
students » Omlasiona were ignored in calculating the pereentagei 
thus, 100 percent rapreiented 131 rural elementary teachers on one 
quest ion and 119 on another quest ion * 

Conparlsons were sade across levels C^#gi, rural vsi large popu** 
latlon) using chi'-squared values* 

4, Flndlnea 

Chl^squared values vere significant for 16 of the 17 frequency 
distributions* ^le reported significance level (Sign Level ^ 4) on 
page 47 la obviously a misprint* For the "Need for Metric Workahop" 
questionnaire the author reports i 

(a) In rural and metropolitan counties (mtdium and large popular 
tlona) most elementary teachers had not had a college couraa 
in the metric system. 

(b) Most of the elementary teachers participating in this survey 
did not feel qualified to teach an arithaetic or science 
course in which the metric syateffl was taught or uaed» 

(c) Rural countlei indicated atudenta were Inadequately pre* 
pared In the metric systemi 

(d) Rural and metfopolltan elementary teachers agreed they would 
attend an in-service metric workahop if offered in their 
county. 
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im) A majority of both rural and metropolitan elementary teachers 
did not feel adaquata giiidelines, course eutllnes, and mater-* 
ials wsre available to theo for teaQhlng the metric syetem 
In their clasaroon, 
For the "Knowledge ©f Metric System" questionnaire the author reports: 

(a) Even though teachers from metropolitan srea§ did somewhat 
better I there was no significant difference between the rural 
and metropolitan eouiity elementary teachers in their knowledge 
and ability on the queitlens related to meters, kilograms , and 
liters * 

(b) tost of the rursl snd metrepQlltan county elementary teaehers 
were unable to respond eorrectly to the questions related to 
Celsius temperature and the meaning of MCS and SI, 

A cotnparlson between responaes made by teaehers at different lavela 
indlaated: 

(a) Ifest elementary taachers had not taken a college eourse in 
the metric syatem, Ho^everi a majority of both the junior 
high and senior high teachers had taken such a course* 

(b) In comparison to junior and secondary teaeherSp moit elemen** 
ta^ teachers felt less qualified to teach the metric system, 

(c) Elementary teachers were nJore aware that the Nevada State 
Textbook Comilsslon had recoimended that all textbooks 
adopted after January 1, 1976 , have the metric system as 
the prlioary system of measurement * 

Cd) A majority of teachers on all levels Celenwtary, junior high 
£nd high school) felt that students were Inadequately pre-- 
pared in the metric system, 

(e) Approximately 80 percent of the elefflentary teachers felt 
there were no adequate guidelines * course outlines , and 
materials on the metric system avatlable to them to adequately 
teach their students the metric system, whereas only 40 per*- 
cent of the junior high and high school teachers believed 
that there were no sufficient guldellneB, course outlines, 
and materials available to them. 
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if) Over 85 percent of Mevada teachers would attend an in-aervlce 
aetric workshop if held in their county. However, only about 
half of tha teachers said they would attend A metric workihop 
If held on the University of Nevada ^ Reno campus, 
Analyfils of data at various levels showed I 

(m) Moat af the aleffientaty ceashers responded coirs^tly to quss- 
tlons related to meters , kilograms and liters . The majority 
of the secondary and junior high teachers responded correctly 
to these same qoeittons related to meterst kilograms, and 
liters p 

(b) On the question related to Celalua temperature, 76,4 percent 
of the elementary teachers responded Incorreetly, aa compared 
to 50 percent of the secondary and junior high teachers » 

<e) nie majority of elemeutaryp junior highland senior high schoQl 
teachers responded incorrectly to questions related to SI and 
IKS, These dlfferencea atrengthen the conclusion that elemen- 
tary teachers of Nevada need ln--servlce metric workshops • In 
addition 1 they show' that there la some need for an In^-servlce 
metric workshop for junior high and secondary teachers* 

S* Iji terpretatlona 

Th^ author drew the following Inferences i 

C0 "There is a need for ln*-servlee workshops on the metric system 
by both rural and matropolitan Cmadlum and large population) 
elCTentary teachers of Nevada> as almost all teachers Indicated 
they would attend an in*-service metric workshop if offered la 
their hoffle county" (p, 48), 

CtJ "There la a need for iB-^aervlce workshops for Nevada elemen*^ 
tary teachers from both rural and metropolitan counties, even 
though the teachers from the metropolitan areas showed a soffle* 
what greater knowledge of the metric system" (p* 50), 

(c) "Wtiiile thei^e is definitely a need for ln^-*servlce metric work- 
shops for elemantafy teachers in Nevada i the need is not nearly 
as great at the junlDr and senior high school levels" (p. 51), 
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(d) "Each sanple group waa unable to respond to the queacfona on 
SI and JKS and were therefore unable to think in "mfitric 
terms*" 

<e) "There is a need for a#tric workshops for secondary math 

netheds students p and for junior high and secondary teachets 
of Navadai howeveri this nead is probably not as great as the 
need for In-service settle workshopa for the elemenCaty 
teaehsM of Nevada and elementary oath methode studenta, , 

Abatyactor^ ^^ogmen^^ 
This la an example of data collection that eatabllahea a "need" for 
something. In thta case ±n-aervt£e metric workshops, hypothaaee ware 
statadt 

Tvo distinct populations were usedi (1) University of Nevada 
studsnts enrolled in elementary or secondary mathematics methoda 
courses and (2) a random sample of In-service teachers in Nevada* The 
reader nay reasonably assuma 100 percent reaponie from the first groups 
hut there la no indication of the number of teachers randomly selected 
nor of the randomness of the sample which actually responded * To 
generalise from the respondents to all the teachers In the random 
sample or to all teachers of Nevada may not be valid , If the number 
selected and the ninnber responding (and their dlatributlong.i. had been 
provided, a reader could make hla or her own decision about genaralla*- 
Ing, 

Any test of mttrle knowledge involves choosing Items to sampla that 
knowledgOt I think that using two of seven Itema to test "metric terms" 
is Inappropriatap especially when one is "What does MCS stand for?'' and 
the other is "What does SI stand for?" One might have learned the 
metric syatetn's base unltSp preflxei, and practical applications wlth*^ 
out ever needing the symbols SI and JKS* Those two questional for me, 
are about as Important as whether to spell metre with an *re' or ^er% 

The author reported chl^aquare values without noting his eKpacted 
fraquenclag* His conclusions suggeat he made more than ons^ompariaon 
(rural versus metropolitan and also elementary versus sacondary 
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£emQhers)» tut his ain|le chl'^squared ^sXueg do not indicaCe which coffl-- 
parlaont were aignlficant. 

Tht aowsimntm I hsva made do not aean the aonelu^loni of the study 
ars ifieorr#ct. Mare than 400 teaehet^ anaweifed the quest tomiair#s and 
Che ktiDvledge resulta are slailar to a non^random, voluntary tiaclng 
conducted In Virginia at about the mme tltfe (T©dd and ^^eber, 1977). 

The faet that tgachere art willing to attend a metrlr, workshop lo 
their own county but less willing to travel long dlitanees for a metric 
workshop Is no surprlgas many teachers feel they ahould learn mote 
about taachtng the mstriG oystem, but thay have UGt decided it is of 
overwhelming Importance, 

ReferenQeg 

Todd^ Robert M, and Wibsrp Larry ^ Mettle Competence of Virginia 
Teaahera* Vlrelnla Educational S_eiearQh Journal 3 s 18-24; 
Spring 1977, 
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Uprlehard, Edward A. and Phillips, E. Ray. AN INTRACONCEPT ^ALYSIS 
Of RATIONAL NUOTER ADDITION i A VM-IDATIOM SCTDY. jQurnal to t Ragaarch 
ift Mflthsmatlcs E dueatlQii Si 7-16 ; January 1977. 



Abstract and aoments prepared for I*M,E. hy THOMAS E, KIEREN, 
-Oslvarslty of Alberta, 

1, Purpose 

"Ths purpoaes of the study were (1) to dsvelop a learning hierarchy 

m 

£n rational numbara uiltig the Intraconcept analysis technique and (2) 
^0 tent the validity of the hypothesised hierarehy using the Wallbesser 
i&ethad and pattern analysis" (p. 7), 

2* Rationale 

The study la one of tmny In the field af hierarchy developmetit and 
snalyala. It Is related to the work of Gagal and Paradise (1971) » 
Cftllahan and Robinson (1973) , Walbesier (1978) i and Rlmoldl and Grib 
(1060)5 among Mny othars. The study has an ^pistemologlaal faoet in 
that it attempts to use a conceptual structure of addition of frac* 
tl^ns to devalop a hieraifchy* It has a related memiurement-effiplrlcal 
faaet using two methods for validating the hierarchy to ganarace 
tii^ttiictlonal hypothases. 

3* Regearch Peslpn and Procedureg 
a. Eplstamological 

"Tha addition of tatlonals In fraction fora was analysed 
uBing an Intraconaept analysis tachnlque*' (p. 8)» Addition 
of rationale li treated cosapletaly from a formal synbollc 
algorithm viewpoint* Using a traditional concept of rational 
\^ nuf^er addition, tw levels of tasks were usedi like and 
\ unlike denominators. Within levels* classes baaed on tha 
\prlSBa^ composite relationships batwaen denominatots were used« 
l\or axampla, compoalte danomlnators ware assumed to be easier 
tl^^n prima denominators within the like danomlnator level, 
Tha\most difficult letting was hypothaslEed to be unllka 
denoMnatorSi both composite but not multiples of one another* 
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Henoty Iti the initial hypothesized Item hierarGhyp 3/4+3/6 
■ was hypothesized as the most dlffldult item. 

Within eaah denominator class , a hypotheslEtd order of 
dlf f ioulty was developed hased not on the addands i but on the 
eharaoter of the sum, These final "sum levala'- ranged from 
"proper fraatloni In almpleat form without rendmtng-' to 
"Improper fraetlon renamed to mlKed numeral in simplest form, 
two renamingSi'' These levels also give rise to the item 
elted above as being most dlffleulti For eaeh mw category 
within a class p two ml^ed numeral tasks were gentrated* 

The intraooneept proeedure yielded 89 ipeclfie tasks « 
For testing purposes these were reduaed to 45 tasks Inalud'* 
Ing all existing sum eategories within classes , with a 
eampllng of sd^ed nweral items within classes, 
b* Empirical 

A 45^1tem test was administered to 251 subjects In 
grades 4 through 8| with the bulk In grades 5 and 6, Ell^ 
Inatlng subjects who passed or failed all Items left the 
results from 200 subjects for hierarehy analyBlai 

Responses for each transfer in the hierarchy (pair'-wlse 
a vs b where a < b) were subjected to the Wallbesser and 
pattern analyses, ThB former is based on the study of 2 % 2 
contingency tables and three ratios are cp^uted for the 
palr-'Wise Item contingencies noted above ? 

N (pass I p ass) 
cons lot ancy i t,/ — ( I, > ^ 

^ N (passi pass) + N (pass, fall) 



• N (passt pa ss) 

adequacy 1 %a ) — s 



N (pasSi pass) +N (fallp pass) 

n N (pass, pass) 

comp le t enes s i tt^^^^'^ '^^^Xt^^^ — g">Y\ 
- N (pass, pass) + N (fall, fall) 

Values of ,85, ,70, and * 50 were used to test each hierarchical 

transfer* 

Under patterns analysis , m Index of agreement was com^ 
puted between each subject -s performance and the hypothesliied 
sequence I using the rationale that if tasks ware truly 
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hlararchlQaii then omm a leawer failed at a lev^l, fail*- 
ure would OQCur at all iuaaeading levalsi 

the various analyita w^ta carried out using th& total 
feast and a aub-tast not containing mixed nimferal tteM, 

4, f Indlnga 

a, Rallabllity 

Tha taet as a whola proved reliable (KR^20 % *98) 
b- Wallbegaar Analysis 

The consistency ratio met eritarlon on 35 of 44 coinparl 
sons I the adequacy tmttc on 43 of 44, and the completanasa 
ratio on 27 of 44, with the fomer two being wtm crltlaal 
far hiararchy taating, A cQnsldarable Improvament yaa noted 
with the elimination of mixed niwieral Items, 
Patt ern Analysli 

Tha final hypotheaiEed ordering of subordinate tasks 
ylalded an index of agMemenc of • 70 for which no atatlstl* 
cal test of slgnificanca la fivatlable. An Improvatttnt of 
this index to «75 was notad with the elimlnatlDn of talKed 
numsral i tarns. 

An itam difficulty sequence proved eomwhat diffarant 
from the hypotheslEed sequence with a prepondetancp of irixed 
nomeral items proving to be relatively difficult- 

5. I nterpretations 

*fhe interpretations of the data were mainly In the foifw of 
Instructional hypotheses » It was noted that these hypotha^ea could 
not have arisen from logical^eplstemologlcal analysis alone* Some 
of these hypotheses arei 

a« like denominator tasks ehculd ba taught before unlll^a tasks* 
b. The siHs category hierarchy should obtain In instruction 
within like denominators vlth the unusual reversal that a 
i&lxed niuneral in simplest forta with one renaming precedes 
a proper fraction In simplast form in one renamingi 
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€p Sequencing unlike denominator taaki Is difficult and not 
satcled by the e^lrlcal results of this study , but a 
posslbla patcarn amargad, 

dt Tasks Involving mlxad nimerals should noc be Introducad 

tarly In tht development of rational number addition skills, 

AbatMeto r Va Conmenti 

The study, particularly tha analysis and Its results » were clearly 
preaanted with vary useful tables. The davelopment of the IndeK of 
agraaaent in pattern analysis is an exception to this elarlty. The 
study also was carefully tied to relatsd literature » 

The sample Is not adequately descrlbad. While this may not be 

critical to the Walbesser analysis i it would seam that the pattern 
aQalyals might ba graatly af feetad by choice of sample and Its a^cper-* 
lence. Thta la particularly true ilnoe the conaapt was construed to 
hmva a specific fornal algorithmic meanings 

Given the particular eplstamologlcal posltlans the analysis used 
appeared approptiate# It is unfortunate that there tfas no further 
probing into the meaning of the concapt for the subjects involved. It 
is also interesting that a mathematical processing model of the 
behaviour was not considered « 

The darlvad instructional hypotheses are a reflection of the 
particular eplstemQlaglcal view* One very interesting finding is 
the difficulty caused by ^ Dth mlKed nuaerale for tha subjects and 
by unlika denominator tasks for the researcher. Both findings suggest 
that a further analysis of tha meaning of the task and the reasons for 
a particular rasponsa to a task by a subject are in order* 

The study auggasts that eptstemologlcal analysis is useful in 
davaloplng teaching sequences In mathematics. Yet the authors did 
very little of thiSi Their analysis aaa^ed that rational numbers 
(at least under addition) are symbols to be manipulated according to 
fonpial algorithoaf Within this assumption thalr analysis makes sense. 
Yet, if addition maans putting two quantities together to yield a ne^ 
quantity then their analysis does not obtaln« For eHamplep a child 
vho thinks of 1 1/2 and 3/4 as measures can easily eoncaptuallEe the 
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BtM aa 2 1/4. This ravigwer Inttrvlewad an aight-year-old who had 
no iMtructiOfi in fractidns i?ha said, ^*Well, 1/2 taksi you up to 2 
and then thera is a quafter oers," This same ehlld found 3/4 + 3/6 
ImpDSBible bt^ausa hm did not know what 3/6 meant g Onea he waa ihown 
a ptcture of 3/6 ha said, "Oh, 1 see, 3/6 la like 1/2|" and went on 
to glvt a eorrect result for 3/4 + 3/6, 

The digression above Is central to the critielstQ of this research 
froEi an eplsteoiologlcal point of vlewg Addition of ratlonala haa two 
TOanin|Sp Otis la related to vector addition, and performanca ±m 
cloa^ly ralnted to th^ particular knowledge of the canespt of rational 
nuD^ar of the ohlld. Thus a child who sees a rational number as a 
quantity la not oonfounded by olKsd numerals and ean add 2 1/4+31/2 
In tha same sense as 3 4^ 2* It Is eartalnly true that addition la 
related to equivalence. While equivalence underlies some of the hler<* 
archy dsclaions in this studyi the researchers do not seem to take 
lata aecount dtfierent klnda of knowledge of equivalence, A child 
who aess 1/2 as 1/4 + 1/4 and hence easily adds 3/4 + 1/2 (and 3/4 
+3/6 once ha aeas tha connection) la using a vary different notion 
af aqulvalerice than a ahtld who responds 3/4 + 1/2 ^ 6/8 + 4/8 ^ 10/8 
1 2/8 ^ 1 1/4 or 3/4 + 1/2 m 3/4 + 2/4 ^5/4^1 1/4, 

Because the researchers chose a very limited view of raticinaL 
nufflbers (an unfortunacsly popular view which might be wall rsflacted 
In thslr results here)^ their theoretical hierarchy Is easily left 
open to justlflad crlciolam* The hierarchy is based on s^bols and 
algorithms rather than mathematical and cognitive structures* 

Studies aueh as this need to have a sound epistemological basis 
from which t© work. Othefwlse the concluding instructional hypothec 
sas will be founded on a weak empirical base. Further, such studlas 
naed to toake use of clinical tvldenca to help interpret the statisti- 
cal analyses. A different epistemological stance and an addtd 
clinical dlQenslon would hopefully generate more valid Instructional 
hypothaaes basad on a sounder view of rational numbers as ni^bers 
(and not syttAols) and of tha rala the developing concept of equiva- 
lencii plays In addition. 
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MATB©£ATICS EDUCATION RlSmCH STUDIES REPORTED IN JOURNALS AS INDEED BY 

CURRENT ITOEX TO JOURNALS IN EDUCATION 
January February 1979 



EJ 186 258 Sehofleld, Hilary Start, K. B, Mathematici Attl- 
tudss and Achievement ^ong Student Teachers, Auitfalian 

EJ 186 272 Howellp Kenneth W, Using Peers in Drill-Type Instruction, 
journal of EKparittental Education ^ v46 n3, pp52-6| Spring 1978, 

EJ 186 ^04 MeLeod^ Terry M, i Crwop, W* Donald, Th& Relationihlp of 
Vlauoapatlal Skills and Verbal Ability to Learning Diaablll* 
ties ill Mathetotiest Journal of Learnijig plaab ill ties , vll 
n4, pp237-4l, April 1978/ 

EJ 187 246 Kahle^ Jane Butler, A^T Instruction i A Perip#etlve and 
A Prediction . American Biology Teacher a v40 nl, ppl7-^20,42, 
jasuaty 1978, 

EJ 187 260 Nleholsenp A* R, Mathematles and Language* Mathematics 
in School, v6 nS^ pp32-p4^ November 1977, 

EJ 187 363 Suydatti Marilyn N, | Weaver^ J, F, Rasaarch on Maths* 
natlcp Education Reported in 1977, Journal for Rea#arch in 
Mathesoiatlcg Education ^ v9 n4^ pp242^3i8s July 1978, 

EJ 187 384 Johneoni Janice K, | Howa, Ann C, The Use of Cognltlva 
Conflict to Promote Conservation Acquiiltlon, journal of 
Reiaarch In Science Teaching s vlS n4, pp239-'47, July 1978, 

EJ 187 932 Nsvlll* Dorothy D, | And Others. A Comparlaon of Student 
Ratings of Teaching Agslatants and Faculty Members, Am erican 
Edycat ional Research Journal g vl5 nl^ pp25-37p Wiinter 1978, 

EJ 187 944 Korton, James R, A Team^Learnlng Approach to Inter-- 
mediate Algebra at the Community College Level i A Pilot 
Study, Educational Research Quarterly , v3 nl, ppl9*26. 
Spring 1978, 

EJ 187 945 Elmartoaimi Michael J, | Sassanrath, Julius M, Improve-- ' 
ment in Arithmetic and Reading and Discovery Learning in 
Hathamatlcs (SEED), Educational Reiaarch Quarterly ^ v3 nl, 
pp27-33t Spring 1978. " " ^ 

EJ 188 145 Ruthven^ Kenneth, The Dlaclpllnas Tniesls and the 

Currlculuffli A Case Study, British Journal of Educational 
Studiei. v26 n2, ppl63*76, June 1978.7 

IJ 188 213 Cummlngi, Judith, Math Method Deducts Rote and Adds to 
Pupils' Scores, New York Times , ppl^ June 9,1978, 
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IJ 188 252 BeMoaskf , Michael D, Formal Reasoning In Adolescence i 
An Alternativa View. Adoleaeence i vl3 nSO, pp279«90t Suttmer 
1978. 

EJ 188 771 Chandlar, Harry N* Confusion Cenfoundedi A Teacher 
Trias to Usa Researeh Reaulta to Teach Math^ Journal of 
Learning Dl§abllitieg ^ vll nS, pp361-9g June/July 1978. 

EJ 188 916 Kings Ea telle H, College Matheniaticsi Open va* Lecture. 
IffiprovinB College and University Teaching . v26 nip pp50*-l. 
Winter 1978/ 

IJ 189 088 Michaels 5 James Closing the Sex Gap In Math 
PerfOTOance by Altering Reward and Task Structures. 
Educational _ Technology , vl8 n6^ pp22-5j June 1978* 

EJ 189 550 Hltch^ Graham J, The Role of Short-term Working Memory 
in Mental Arithmetic. Cognitive Psychology^ vlO n3j pp302- 
23, July 1978. , 

EJ 189 558 Pascaralla, Ernest T, Interactive EffectB of Prior 
Mathettatlca Preparation and Level of Support in College 
Calculus i American Educational Research Journal , vl5 n2, 
pp275*85| Spring 1978. 

EJ 189 584 Rakow, Ernest A#| iknd Others t Aaseasing School and 
Program Effectiveneiai Estimating Teacher Level Effects. 
Journ_al of Educational Measurement^ vl5 nl, ppl5**2li 
Spring 1978, 

EJ 189 604 James, Michael A. ;~!toief^ Lotus M. Interaction of 

General 5 Fluid, and Crye tainted Ability and Instruction In 
Sixth-^Grade Matheinatics. Journal of Educ ational Psychology, 
v70 n3, pp3l9-23p June 1978/ 

EJ 189 634 Erllch, Oded| Shave Ison* Richa-d J, The Search for 
Correlations Between Measures of Teacher Behavior and 
Studant Achlevament 2 Measurement Problem, Conceptualisation 
Problem > or Both? Journal of Educational Meagurement ^ vl5 
n2, pp77-89| Sumner 1978. 
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MATHEMATICS EDUCATION RESEAROT STUDIES REPORTED IM RESOUICES IN EDIJCATIOW 

January - March 1979 

ED 158 214 GaTOood, S. Crayi Greenherg, Roy. A Longitudinal Investl^ 
gatlon of Self -^Concept and C ognicl ve PerfoCTanes Changes 1^ 
Young Adoleacentg , 44 p, ffi* and HC available froin EDRS, 

ED 158 374 Shanttp Mary Aeaeaslns AccQuncablllty for Basic SlclLl 
Pevelopment In t he Adoption of a Ne^ Curriculum » 25pt W 
and HC available from EDRS* 

ID .158 758 Regeareh and Developmen t Interpretatio n Senrica, Final 
Reportt Central Midwestern Regional Eduea t tonal Lib* * lac*^ 
St* Louis J Misiouri. 66p. IW and HC available from EDRS, 

ED 158 887 Willlamas Doris Cgrrelatlans Betwe en and Within the 
Apgar Teat, Pre ^Klndergarten Aiaeasment and Kindergarten 
Pfirformanee. 52p, and HC available froffi IDRS. 

ED 159 019 Damarin, Suzanne K. A Cemblnatlonal Model for the Intar-^ 
pretatlon and Use of Propositions in the Contesgt ot Elementary 
Mathematles, lip . Iff and HC available froo EDRS* 

ED 159 021 Van Den Berfj J, ttie Traln lns of Mathematics Teachera 
in the Rep ublic of South Africa and In Some Western Countrie s, 
377p, MP available from EDRS, HC not airaiiable from EDRS, 

ED 159 036 BroWB, John Seelyi Burton^ Rlchaid R, Blaanoatle ModelB 
for Procedural Bugs in Baaic ^i^hematlcs Skills, 66p, MF and 
HC available from fiDRS. -™ 

ED 159 040 Oaborte^ Alan R^ ^ Ed* Inveiti^atlona I n Kathematlcg 
Education y Vol, 11, No, 1 . 72pp ffl" and HCava liable from 
EDRS; 

ED 159 050 Browtij Kenneth H, Developing and Impleflienting a Mathe-" 
ffiatlcs Articulatio n Program at the Eleinentary/Ill ddle Sehool 
Levela i n the Newark School Dlatrlct . 80p7 W and HC avail- 
able from EDRS, 

ED 159 051 Causey p totthewi Underhllli Robert C- An Empirically 
Derlyad Hierarchy of Intraconcept Rela tiotiahips f Rational 
Minaber Multiplication , 22p^ MP and HC available from EDRS* 
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work and TV , Education Corailaslon off the States^ Denver," 
ColOs National Assesament of Educational Progress « 7p, 
MP and HC available from EDRS» 

ED 159 056 Gaodp TOomas L. Tlie Misa ^outl Mtht^^ Ef f ee tiveneaa 

Frojec tg A Program of Matural lstlc and Exper^^^ Research , 
31p* m and HC available from EDRS* 
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